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PEEFACE. 



It was Jaeger who once said — ^but I forget wtere — that 
enough had been done in the way of philosophising by 
Darwinists, and that the task that now lay before us was 
to apply the test of exact investigation to the hypotheses 
we had laid down. 

I have long been of the same opinion ; but it is in 
fact a thing much easier said than done. It is infinitely 
easy to form a fanciful idea as to how this or that fact 
may be hypothetically explained, and very little trouble 
is needed to imagine some process by which hypothetical 
fundamental causes— equally fanciful — may have led to 
the result which has been actually observed. But when 
we try to prove by experiment that this imaginary pro- 
cess of development is indeed the true and inevitable one, 
much time and laborious research are indispensable, or 
we find ourselves wrecked on insurmountable difficulties. 

Nevertheless the step must be taken. The popular 
cant about * Biogenetic principles and the falsification of 
Ontogenesis — ^the laws of inheritance at corresponding 
periods of life, or the correlation of organs — Ontogeny 
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and Phylogeny — variability and heredity ' — is put out 
of court as useless, for these are merely axiomatic expres- 
sions for a sum of identical or correlative phenomena of 
Avhich the essential nature is in no way revealed by them. 
They all still await an intrinsic explanation. 

It appears to me that of all the properties of the 
animal organism, Variability is that which may first and 
most easily be traced by exact investigation to its efficient 
causes ; and, as it is beyond a doubt the subject around 
which at the present moment the strife of opinions is 
most violent, it is that which will be most likely to repay 
the trouble of closer research. 

I have endeavoured to facilitate this task, so far as in 
me lies, by here presenting a general view of those facts 
and hypotheses which bear upon the subject and are either 
of universal significance or, from my point of view, appear 
to oflFer favourable subjects for experimental treatment. 
This list, however, makes no pretension to completeness. 
If only it should give an impulse to research, on however 
small a scale, so long as it is systematically conducted and 
thoroughly carried through — if only it should contribute 
to extend my own convictions as to the uselessness of 
casual and disconnected observations. I shall have at- 
tained my end. 

The immediate occasion of the writing of these papers 
was a call to deliver a course of twelve lectures at the 
Lowell Institute at Boston from October to December 
1877. 

KARL SEMPER. 
WCrzbubg : Sfijrt. 1879. 
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INTRODUCTION. 

No one at the present day disputes the fact that the Darwinian 
theory has exerted an extensive influence not only on the develop- 
ment of the natural sciences, hut in other branches of study ; it 
would be superfluous here to bring forward any proofs of this. 
It is equally recognised that it is to this influence that modern 
zoology owes its most essential pretensions to be regarded as 
of equal estimation with other sciences. But it may be advis- 
able to pause for a moment at the question, In what way is it 
that this influence has afiected zoology ] since in this book we 
have to deal exclusively with this science. 

Darwin showed the possibility of discovering the path 
which nature struck out in order to produce her endless variety 
of animal forms, and of detecting the means she has employed 
in her task. Hence first arose those efforts, so natural in the 
zoologist, to acquire some comprehension of the succession in time 
of the different types in the animal kingdom, since all who 
recognise Darwin's teaching must regard it not as an arbiti-ary 
and lawless assemblage of independent species, but, on the 
contrary, as a gieat family of organisms of which the individual 
members, whether living or. extinct, are united by a real. 
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and not merely fanciful, bond of close affinity. The search 
for the natural genealogy of these families of organisms is one 
of the grandest of the problems propounded to modern zoology 
by the great English philosopher, 

Naturally enough, in this search, zoologists had recourse to 
those means and methods which were most familiar to them and 
which had hitherto been at their disposal. Ever since the time 
of Cuvier they had been accustomed to discriminate between 
the different forms of animals and to describe the organs which 
distinguish and separate them, endeavouring at the same time 
to detect by them the ideal affinities of animal types. But they 
were moi'e practised in the use of the scalpel and microscope 
than in availing themselves of the often highly complicated 
apparatus and methods of the physiologist, and it is only lately, 
under the influence of Darwin's views, that they have begun 
to enquii'e into the true and natural affinities of animal t3rpes 
by comparing them together as to form, and by studying their 
mode of origin. Thus it is that the modern study of animal 
morphology has arisen, commonly divided into comparative 
anatomy and embryology ; but at the same time, equally under 
the influence of Darwin, zoologists began to devise genealogical 
trees for the different groups of the animal kingdom — sometimes 
for a whole group, sometimes for a subdivision only — ^in which 
they attempted to give graphic expression to such knowledge as 
they supposed they had acquired of the actual processes which, 
through constant modifications of the most widely different 
forms, led finally to the development of the human body. 

Of course such pedigrees could not be otherwise than of a 
somewhat doubtful character. In all zoological investiga- 
tions, as in almost everything else, a certain influence may 
be detected which may be termed the personal element. 
Zoologists are not, as mathematicians are, able to set out from 
certain immutable axioms, and to calculate from them the forms 
and origination of animal types with mathematical exactitude ; 
on the contrary, they are forced to deduce all the laws of their 
science from observations of phenomena. The mode of carrying 
ion these observations, moreover, and consequently the answer 
which nature gives to the questions put to her, depend 
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essentially on the individuality of the observer. Zoologists 
have hitherto been equally little able to avail themselves of any 
aids to experiment analogous to those which are abundantly 
open to the chemist and the physicist, to the physiologist 
and even to the botanist. In this respect, indeed, zoologists 
are very badly off — worse off than any other class of scientific 
enquirers — for until lately they were simply directed to inter- 
pret the facts presented to them by nature, without being in a 
position to formulate their own problems or to force nature by 
any critical expariments to give a distinct answer to them. 
Hence any pedigree selected by one or another naturalist, 
and based on facts derived from animal morphology, could, and 
can, only avail to represent those ideas as to the affinities of 
animals which their author in each case conceives to be the only 
accurate ones ; and hence it must necessarily contain a larger or 
smaller infusion of subjective fancy and unquestionable error. 
Thus it is not very surprising to learn that a warm dispute has 
just broken out as to which group of Invertebrate animals is 
to be regarded as the closest in affinity to the Vertebrate; 
nor that the view, hardly of ten years' standing, that the 
Vertebra ta are allied to and derived from the Ascidians, is 
combated, not without strong reason, by another — namely, 
that they are more nearly allied to the Annelida — without either 
side having hitherto proved itself victorious. Subjective views 
inevitably play an important part in every scientific applica- 
tion of the facts of animal morphology. 

We may, however, rest satisfied with these illustrations, and 
proceed to the wider question, how it was possible that nature 
should have produced such an immense variety of forms as 
is exhibited in the animal kingdom, without ever losing the 
thread of affinity which the zoologist seeks to detect in animal 
structures and to exhibit in his genealogies or systems. Darwin 
has here supplied us with the answer. He has shown, as it 
seems to me in the most satisfactory and exhaustive manner, 
that two properties inherent in organic beings have contributed, 
in conjunction with other external natural factors, as means to 
the accomplishment of this end : First, the power in the 
parents of transmitting to their descendants their essential 
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morphological and phyaiological characters— or Inheritance. 
Secondly, the plasticity of the organism, which enables it, by 
modifications of its original cbai'flctcrs, to accommodate itself to 
the altered conditions of existence in its succes-iive stages of life — 
or Adaptation. 

Heoce it directly follows that the problem of the morpbo- 
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logist is to learn to distinguish such characters as have been 
perhaps I'ecently developed by Adaptation, from such as have 
been traniimitted by Inheritance through a long series of genera- 
tions ; for if he should be incapable of making this distinction be 
will inevitably fall into many gross errors in his attempts to 
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establish the affinities or the genealogy of an animal. Sinci 
the fir^t appearance of Darwin's well-known work, this has ii 
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fact been the method of modei-n zoology ; a&d I do not fear 
contradiction when I say that we have already made consider, 
able advances in the art of discriminating between those typical 
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attributes which have been preserved by transmission throngh 
long series of apparently very different and yet nearly allied 
species, and those characters of adaptation which here and there 
arise, as it would seem arbitrarily, and beyond a doubt quite 
independently of the affinities of animals. The absolute 
necessity of clearly separating these two groups of characters 
will be made plain by the following illustration of one special 
case in point. 

Everyone knows that the lungs of all the higher vertebrate 
animals are indispensable to their existence ; no mammal, bird, 
or even reptile, could live long without this breathing apparatus. 
Similarly constructed and indispensable organs for breathing air 
occur in many Mollusca and in a few Crustaceans. Now, if a 
zoologist endeavoured to prove that all animals which have 
organs adapted to respire air must therefore be closely allied, 
it would hardly be worth while to point out that his attempt 
must be hopelessly futile. It suffices, with regard to the 
example I have adduced, to point to the fact that the lungs of 
the Vertebrata are connected with the intestinal canal and 
developed from it; while those of Mollusca and Crustaceans 
(fig. 2) are nothing more than cavities in the side, which have 
originated from a lateral invagination of the outer skin. But 
an organ which, like the lungs of mammals and birds, takes its 
rise from the intestinal canal, can never have originated in a 
modification of the outer skin, or epidermis. This proves that 
the lungs of diflTerent groups of animals must have originated 
independently of each other, and that we are justified in regard- 
ing them as, in some degree, characters of adaptation. 

Another instance. It is now universally admitted that the 
fore limbs of mammals, the wings of birds, and the pectoral fuas 
of fishes are, morphologically, merely modifications of the same 
organs, namely, the fore or pectoral limbs. They terminate in 
man in a hand, in the apes in a hand serving also as a foot, 
in the horse in a foot only, in birds in an organ of flight, in 
fish in an organ of swimming. In all these cases the function 
of the limbs is different, although they are morphologically 
identical. Furthermore, all fins are not morphologically iden- 
tical, and if we were to attempt to regard the pectoral fins of 



CHARACTEEi OF ADAPTATION. 7 

fitJi as identical with those that occur in mammalB, birds, and 
amphibia, because their function is similar, we should fall into 
serious error. It would, in the same way, be eri^oneous to explain 
the' different forms of wings as they occur in mammals (bats,^ 
insectivoi-3, and rodents) and reptiles (Draco) by refei-ring them' 
to the same type as the wings of birds. Although the purpose 
of wings is the same in all the animals named, in each indi- 
vidual species the oj^an is niorjjhologically ilifferent ; that is 
to say, it has originated by the adaptation to the same function 
of parts that have no anatomical relation. And if, from the 
occurrence of wings or fins in the different groups of vertebrata, 
we attempt to deduce a close affinity, as indicated by those 




organs, we shall indeed be gravely mistaken. We may, on 
the contrary, rather infer from the £icts adduced that fina 
or wings have originated simiiltaneously and independently 
in the different groups, since different memliera of the body, 
in themselves not comparable, have, by adaptation to new con- 
ditions of existence, become such organs with similar physio- 
It^cal functions. 

Thus, in the examples here given, wings, fins, or lungs must 
not be considered ati hereditary characters, but merely as 
characters of adaptation which, as they have originated indepen- 
dently, are useless for deteimining the affinities of the animals 
that possess them. This conclusion is, however, only partially 
accurate, as shall now be shown. 
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In order to do this, wa will return to the more Btril[iu<r of 
the examples hers given. There can certainly be no doubt of 
this— thftt the lungs of mammals have not been developed by 
modification from those of land snails ; we know on the contrary, 
or will assume, that the lungs of all the Yertebrata are identical, 
and to ba regarded as modifications of the air-bladders of the 
bony fishes (fig. 3), although tbesa organs do not serve, or at 
any rate do not mainly serve, for respiration. On the contmry, 
fish breathe by their gills. But the lungs of mammals differ 
remarkably in structure from those of birds, and yet more from 




those of the lower reptiles or the amphibia. In these last thoy 
are usually simply capacious saes opening into the mouth by a 
very short passage (the trachea) ; in mammals they exhibit a 
spongy structure, and often a highly complicated arrangement 
of extremely long air-tubes ; in birds also the lungs have a 
epongy structure, and connected with them there are always 
numerous air-cavities which lie partly in the cavity of the body 
and partly, in the form of canals, deep in the bones of the stuil 
(fig. 4) and of the vertebral column, or penetrate to the end 
of the extremities, forming what are known as pneumatic 
bones. Now these differences in the structure of the lungs of 
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the different Vertebrata go hand in hand with other characters 
which distinguish the groups ; and although wo are notjustified 
in founding the genealogies of Vertebittta exclusively on the 
character of the Iimgs, we may r^ard and use tliem as an 
indication of affinity, particularly when we see that the de- 
ductions from them coincide with conclusions drawn from 
other facts. In agreement with this we see that the peculiar 
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construction of the lungs wbich in birds leads to the develop- 
ment of pneumatic bones is an hereditary attribute characteristic 
in the highest degree of the whole order of birds, and of great 
aystematic value. It distinguishes Birds aa contrasted with 
Mammals and Keptiles, but nevertheless can and must be con- 
ceived of as having originated through modification of a simple 
organ — perhaps a bladder-sbaped lung — which may have been 
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proper to the common ancestor of reptiles and birds alike. A 
similar modification of the lung might thus be found in such 
true reptiles as approach most nearly to birds ; and in fact we 
see in the Chameleon (fig. 1) that long thin air-sacs, connected 
with the semi-spongy lungs, are suspended in the cavity of the 
body, and may be directly compared with the large abdominal 
air-sacs which are found in all birds.* It is evident that, by 
instituting such comparisons as these, we are tacitly ascribing a 
character to the lungs of the Vertebrata which differa from 
that we attributed to them when contrasting them with organs 
of similar physiological function in land snails and land crusta- 
ceans. For in the latter case we considered them, and with' 
justice, not as a character inherited from the parent form, and 
as indicating near affinity, but as a character of adaptation, while 
it is only among the Vei-tebrata that they are of real value in 
estimating the degrees of affinity of the difierent classes. Thus 
it is evident that in Vertebrata they possess all the significance 
of hereditary characters, i.e, of parts which may be made use 
of for investigating the evolution and modification of these 
classes — or, as may be, orders — one fiom another, and for 
establishing such a natural system of the Vertebrata as may in- 
dicate their true affinities. The same result is obtained when 
the difierent organs of locomotion of the Vertebrata (wings, fins, 
legs, feet, and hands) are taken into consideration. So long as 
the comparison is extended to the whole cycle of the Verte- 
brata, these seem to have the value merely of characters of 
adaptation. The whale has fins as efficient as those of the stur- 
geon or the pike, but I doubt whether a zoologist could be 
found bold enough to attempt to derive the fins of the whale 
morphologically from those of fishes. It is quite as unlikely 
that anyone should undei^take to prove that the wings of birds 
or of bats (fig. 5) could have originated by direct modification 
of the wing-like fins of fiying fishes or of the dermal wings, 
supported on ribs, of the fiying reptiles (Draco). With regai'd 
to the higher classes of the Vertebrata all these organs are, 
beyond a doubt, to be considered merely as characters of adapta- 
tion, and so valueless for any determination of their affinity. 
But if we now turn our attention to the same organs within 
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the limits of a single order or even of a single family of the 
Vertebrata, the case is wholly different. The wings of birds 
have the same typical structure throughout the whole class, and 
the same is true of the wings of the bats, ajid of the parachutes 
of the flying reptiles. Within the limits of these narrow groups 
each organ acquires a quite different value. Their constant 
occurrence and the similarity of their structure and development 
make us suppose that they must have originated through the 
modification of one or more simple organs in the parent form of 
each family. It is the same with regard to the fins of fishes, 
whales, and other Vertebrata. Here, as in the first example, 
we see that the organ or member which, within the limits of a 
small group, is a transmitted chai'acter, and helps in determin- 
ing the affinity of the individual forms, appears as a character 
of adaptation when we compare the great systematic groups 
with one another. And choose what organ we will for this 
comparison, the result will be the same ; parts which have little 
or no value as characters of adaptation assume a conspicuous 
diagnostic importance when we have to trace out the relations 
of affinity under a wide systematic aggregate, because, within 
the limits of the smaller groups, they may always be regarded 
as hereditary. Thus, too, we arrive at the conclusion that the 
distinction drawn, in the most recent zoology, between characters 
of transmission and those of adaptation, has only a partial value ; 
for every organ which originated by adaptation, and in the first 
instance was worthless for the determination of the relations of 
affinity, may quite easily — nay, must — become transmissible by 
inheritance if it is rendered permanent simultaneously with 
improvement in other directions, in several varieties or species 
all derived from the same parent form. But it may be trans- 
formed into an hereditary character in a yet wider sense, particu- 
larly when an organ which has originated by adaptation in one 
single species, or even in one individual, is transmitted to a long 
series of generations which branch off into different families, 
though all descended from the one parent form. 

It is not difficult to show by an imaginary instance how 
such a change in the organ might be effected side by side with 
permanence of the fundamental form. Suppose, for instance, 
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that from the skin of one of the lower animals, say a worm, a 
ramified and villous prolongation arose by local excrescence 
which, as contrasted with the general respiration hitherto carried 
on by the skin, was a specially qualified organ of respiration — a 
true gill. This gill must be in such connection with the vessels 
of the body, or with the cavities which contain the circulating 
blood, that the absorption of oxygen by the blood may be more 
easily effected here than in other parts of the skin ; it cannot 
otherwise be designated as a true gill (or branchia). But, in 
order to exercise the same respiratory activity as the skin, 
these gills must possess a certain rigidity, so that their whole 
surface may be in contact with the water that surrounds them, 
for this would be impossible to soft and pendulous gills ; more- 
over, certain auxiliary organs must be connected with them, to 
secure the requisite change of water by producing a constant 
current. This renewal of the supply of water for respiration is 
fi-equently effected by the active movement of the branchisB 
themselves, or by the constant motion of the animal ; but in 
every case where such organs have ceased to be superficial on 
the skin by its induplication, or have become internal, special 
auxiliary organs are found, as in Crustacea for instance. Fishes, 
MoUusca, (fee, whose sole duty is to keep up a constant stream 
bathing the gills. Thus the physiological efficiency of the 
principal organ depends not alone on the capability of the 
epidermal cells to absorb oxygen from the surrounding water 
(by osmosis), but also on those auxiliary organs which con- 
stantly supply the branchiae with fresh water for respiration, 
and, by keeping up their rigidity, prevent any diminution of 
the respiring surface by collapse. 

If furthermore we suppose that the branchiae, which 
originated, perhaps, by adaptation to an increased demand on 
the respiratory organs, were permanent during the transmu- 
tation of the first species into several new ones, while at the 
same time they preserved their character of independent appen- 
dages of the outer skin, they might very likely come to act as 
organs not merely of respiration, but also of locomotion. For 
by their position, rigidity, and power of independent movement 
— ^all indispensable to their efficiency as branchiae — they are, 
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from the first, able to offer a cert'iin reaistance to the ci 
motion of the whole boJj , and to serve as a fulcrum for the 
movements of limited sections of the body in a way that might 
certainly be advantageous to the whole animal. Thus a gill 
might be partially or whol'y transformed" into an organ of 




locomotion, and accordingly we find in maoy Annelida gill- 
bearing organs (fig. 6, a, b) which at the same time serve for 
creeping or swimming, and which present that more specialised 
form in which the functions of respiration and locomotion, 
originally exercised simultaneously by the same organ, have been 
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transferred to two separate sections of the same organ, though 
this is still morphologically one. The branchiae might likewise 
become internal, as in Fishes, Crustaceans, Molluscs, Ascidians, 
and so forth. The current requisite for respiration might, in 
such a case, be induced simply by the development of cilia on 
the cells of the epithelium of the branchial membrane, as occurs 
in all molluscs and in ascidians. The current might then serve 
another purpose, namely, that of bringing food to the mouth ; 
and this is the case in the above-mentioned animals, which re- 
ceive their nutrition, consisting of microscopic organisms, ex- 
clusively by the aid of the current drawn into the branchial 
cavity. Now, if the function of respiration were transferred 
by any means to some other part of the animal, or restricted 
to a limited section of the branchiae themselves, the remaining 
portion might be transformed into an organ serving exclusively 
to obtain nutrition. The lips lying near to the mouth jof 
molluscs would, in fact, appear to be such modified portions of 
the folds of the branchiae. 

But this is by no means the limit of such change of function. 
Each animal cell in the living organism is sensitive to various 
molecular movements which impinge on it from without. 
General sensibility is an attributes of the living substance of the 
cell. Now it would obviously be a considerable advantage to 
the animal that the organs of respiration or locomotion should 
be connected with certain organs of sense — in our example, for 
instance, if the lip-like appendages of the branchiae of the 
molluscs could be transformed into organs of taste or touch. 
As every living cell, including of couree the cells of the mucous 
membrane of the branchiae or the labial fold, possesses this 
general sensibility, and this in a certain sense includes the 
capability for developing a special sense of touch or taste, we 
perceive that an epidermal member which originated as a 
simple gill may, by virtue of its inherent properties, easily be- 
come an organ of locomotion, sensibility, or taste, and it might 
equally easily be converted into an organ for the acquisition of 
nourishment (as in the Ascidians) or for any other purpose. 
At the same time be it observed, such transformations have 
not taken place suddenly in an abrupt and, so to speak, revo- 
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lutionary manner j fpr theii' existence need not in the first in- 
stance be conditional on the inti-od action of new influences, 
since they depend on the fact that the branchiae must from the 
first — or they could not have lived, grown, and exercised their 
functions — ^have contained all the elements and have exercised 
all the elementary functions which fitted them for differentiation 
in the direction indicated by those functions, and for transfor- 
mation into organs apparently intended for one function only. 

We arrive at the same conclusion by a simple general con- 
sideration. We know that the simplest and lowest animal, a 
mere gelatinous mass, say an Amoeba, exercises, and must exercise, 
all the vital functions as well as the ovum-cell which is so rich 
in protoplasm, or even as the young and growing cells which 
constitute animal tissues — functions which in the higher animals 
are apparently fulfilled exclusively by special organs. The pro- 
toplasmic cell or the Amoeba takes up nutrition, often indeed 
of a solid nature ; it moves more or less quickly and voluntarily ; 
it is sensible to impressions transmitted to it by the agitation or 
chemical properties of the surrounding medium ; it assimilates 
organic matters, and breathes, inasmuch as it expires the carbonic 
acid formed in the process ; it is capable of more or less definite 
sensations, for it selects the food that suits it, and it grows 
and multiplies often by highly complex processes. All these 
characters are to be found in each living protoplasmic cell of 
eveiy growing organ ; but it is true that it is not every cell of 
an organism that is in this sense living. Thus in the hair and 
nails, for instance, there are horny cells which no longer contain 
any fresh and unchanged protoplasm, and consequently can no 
longer grow or multiply, their increase being effected by fresh 
and living cells lying in the deeper skin-layers ; from these, new 
homy cells are constantly produced and pushed forward to 
replace the old cells as they wear off at the angles of the nails 
or tips of the hairs. We may apply Briicke's expression, 
* elementary organisms,' as a name for those deep-seated cells, 
which, being richly supplied with protoplasm and capable of 
multiplication, are, in the strictest sense, living cells. For as 
the life of every organ is the sum of the individual life of the 
living cells which compose it, it is clear that every living and 
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growing organ, without exception, must, in a certain sense, be 
capable of becoming modified in any such various directions as 
are indicated by the common propei*ties of the living substance 
of the protoplasm. The abstract and paradoxical formula for 
this position might be put thus : — Every living organ may, by 
virtue of the properties inherent in its living cells, become any 
other organ. 

Let us now return to our starting-point. We have seen 
that every character of adaptation must be in a certain sense 
hereditaiy; for if those individuals of a species which first 
acquired any given character by adaptation were incapable 
of transmitting it to posterity as a part of their inherited 
nature — particularly if the exciting causes were to be re- 
moved — every newly acquired character would presently be lost. 
The inheritability of this newly acquired character might also 
be greatly increased if, for instance, it were transmitted through 
a long series of varieties or species, while at the same time it 
was undergoing modification. This might occur if, from the 
first, its fundamental character were such as must induce 
specialisation of its function. Now we have seen that even so 
highly specialised an organ as a gill is, or seems to be, must 
yet be capable of numerous modifications ; for its primary use 
depended partly on other functions which were capable of 
further modification, i.e. specialisation, in a mode analogous 
to that by which the gill became an organ of respiration. And 
the more manifold the independent and latent properties are of 
a newly constituted organ of adaptation, the greater will the 
probabiUty be that it will be transmitted by inheritance to all 
the divergent descendants of the parent form, and be at the same 
time modified to meet their altered functional requirements. 
But the more specialised an organ is — that is to say, the more 
one single purpose is developed to the prejudice of the latent 
functions — the harder will it be for it to adapt itself to new pur- 
poses, and so it will probably be transmitted to the descendants 
of the parent form but little altered. Hence it is impossible to 
establish an ct priori distinction between Characters of Adapta- 
tion and Characters of Inheritance, and we perceive that most, 
perhaps all, of the characters now in a great measure hereditary 
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originated through modifications of those originally adaptive 
organs which bare within them the elements of continuous 
and extensive gradual transformation. ^ 

This inference includes another : That all the structural 
peculiarities of animals are true organs which must subserve 
some function and can never be mere useless ornaments. 
Otherwise, from the Darwinian point of view — which, as I have 
said, I accept as a standard — it would be quite unintelligible 
how wholly useless portions of the body could have been in- 
herited and modified through a long series of divergent descen- 
dants from the parent form. If it could be strikingly shown that 
organs actually exist which are of no physiological use to the 




Fig. 7.— Skull of female Dugong ; the colossal tusks in the upper jaw never pierce the 
thick fleshy lip, although they continue to grow with the jaw. a, the root of the tusk; 
bf the point. 

possessors, but which determine the types of form in whole 
Classes, Oi*ders, or Families, then the conclusion would seem 
inevitable that these functionless organs have been formed in 
accordance with some transcendental law (or plan) of develop- 
ment. 

Now it is sometimes asserted, oftener, it is true, by botanists 
than by zoologists, that such functionless organs do in fact 
exist. I do not here allude to rudimentary organs ; ^ for although 
these appear in sundry groups of animals to be in fact devoid 
of any recognisable function, they are derived, no doubt by 
degeneration, from true organs whose functions are conspicuous 
in other animals. The best example known to me of such 
rudimentary organs is offered by the female Dugong (^Halicore 
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Dugong). This creature has enormous tusks which continue to 
grow as the animal grows, and are even larger in proportion in 
the adult than in the young. Thus the tusks of the female 
grow more quickly than the skull. They are nevertheless wholly 
functionless in the female ; that is to say, they are used neither 
as tusks nor as teeth, for they are completely encased in the 
upper jaw-bone, and the blunt point is covered by a huge fleshy 
upper lip forming a snout. The male Dugong uses his tusks, 
which project at the sides of the mouth, as weapons or for other 
purposes, as is proved by the fact that the outer surface of 
the points of the tusks is, without exception, much worn in 
every male skull found in our collections. The tusks of the 
female Dugong are rudimentary and functionless as teeth ; 
however, like all similar rudimentary organs, they ai*e not 
included in the above-mentioned class of functionless organs, 
which, in spite of their immense variety and often conspicuous 
size, cannot be regarded either as true organs now exercising 
their functions, or even as true organs in a degraded condition, 
such as are known in scientific parlance as * morphological cha- 
racters,' in contradistinction to * physiological characters,' that is 
to say, those whose use is obvious or well-known. The exist- 
ence of such morphological characters has been affirmed, as I 
have said, even of animals ; but it still seems doubtful whether 
those organs and parts of the animal body which we include in 
this category do in fact belong to it, and are not perhaps thus 
classed merely because as yot we know nothing of their func- 
tional importance. Even when we assign to such parts the 
smallest possible importance in the life of the animal, we ought 
not to forget that they consist of living cells, or are directly 
dependent on them. Hence we are justified in propounding the 
thesis that every part which we are accustomed, from its lack 
of conspicuous physiological character, to regard as a morpho- 
logical character, must nevertheless have a certain functional 
value in the general economy of the animal, since it must pro- 
duce a fraction, however small, of the material which is formed 
in the living body, and must possess a proportionate share of all 
its properties. 

At the same time it cannot be disputed that even in 
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animals, though certainly less often than in plants, peculiarities 
of structure do occur which appear to be absolutely useless to 
the life of the individual, although they are not rudimentary 
organs. Such, for instance, are the colours of the skin of many, 
and especially of marine, animals ; many expansions of the skin 
and the sculptured character of the skin of Eleptiles, Crus- 
taceans, and Insects would seem to be of this nature ; the rela- 
tive positions of the vaiious organs, which may sometimes be 
said to be highly inappropriatcj the number of the extremities 
in various animals, and many other circumstances a^so come 
under this head. It would be a highly important task for a 
zoologist, and, I believe, fertile in results, to discuss all these 
cases in detail, in order to see whether, or how far, our pre- 
sent knowletlge suffices to explain them ; i.e. to show that 
such morphological characters do not in fact exist in animals. 
In this place it must suffice to discuss one single example. 

It is known that the skin of Reptiles encloses the body with 
scales. These scales are distinguished by very various sculptur- 
ings, highly characteristic of the different species. Irrespective 
of their systematic significance they appear to be of no value in 
the life of the animal ; indeed they are viewed as ornamental, 
without regard to the fact that they are microscopic and much 
too delicate to be visible to other animals of their own species. 
It might therefore seem hopeless to show the necessity for their 
existence on Darwinian principles, and to prove that they are 
physiologically active organs. Nevertheless recent investiga- 
tions on this point have furnished evidence that this is possible. 

It is known that, many Eeptiles, and above all the snakes, 
cast off the whole skin at once, whereas human beings do so by 
degrees. If by any accident they are prevented doing so, they 
infallibly die, because the old skin has grown so tough and 
hard that it hinders the increase in volume which is insepar- 
able from the growth of the animal. The casting of the skin is 
induced by the formation, on the surface of the inner epidermis, 
of a layer of very fine and equally distributed hairs, which 
evidently serve the purpose of mechanically raising the old 
skin by their rigidity and position. These hairs, then, may be 
designated as casting hairs. That they are destined and 
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calculated for tbin end is evident to me from the fact eBtablished 
bj Ur Braun that the castins; of the ^iliens of nver Cmy fish 
is induced in exactly the game manner by the formation of a 
coating of hairs which mechuiuill^ loosens the old Bkin (» 
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shell from the new. Now the investigattona of Braim and 
Cartier have shown that these casting hwrs — which se;ve the 
same purpose in two groups of animals so far apart in the 
systematic scale — after the casting are partly transformed into 
the concentric stripes, sharp spikes, ridges, or warts which 
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ornament the outer edges of the skin-scales of reptiles or the 
carapace of crabs. Hence we ar« justified in regarding the 
sculpture thus produced on ths epidermis of these animals as 
a, rudimentary organ ; for the microscopic casting hairs, after 
they have dooe their duty in inducing the casting, remain 
where they were formed, somewhat altered in form, it is true, 
and without any further visible use. 

Occasionally, however, these hairs, after they have fulfilled 
their office, are transformed into organs which are capable of 
serving other useful purposes to the reptile. Thus, for instance, 
Von Leydig discovered certain organs in the skin of reptiles, 
which he designated as organs of a sixth sense, regularly 
communicating with long elastic hairs which project far above 




the sarEace of the skin, and aeem admirably adapted to ti-ansmit 
every impact or molecular movement to the sensitive and 
guiding organs that are connected with them. These sensitive 
hairs belong to those casting hairs just mentioned, of which some 
fviw, that are placed in suitable positions, have been transformed 
into such sensitive hair-organs (fig. 8, sk). Many of the teeth 
and ridges which are formed on the surface of the scales by 
the coalescence of casting hairs are so placed as to be of use in 
the difficult process of stripping off the whole skin on whose 
surface they are situated, for they serve as holdfasts to the 
rough surface of stones. Another still more striking example 
is exhibited by the family of the Geckos," which are all dis- 
tui{[uisheil by having an immense number of long stiff movablo 
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bristles on the solea of their feet, which give these creatures their 
well-known power of running with great rapidity along vertical 
walls or the ceiling of a room back downwarda, without falling.* 
These hairs, like those described above, are nothing more than 
y developed casting hairs, for they originate in the same 
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way as those, and assist in the process of casting (fig. 8, a). 
The clioging hairs are absent in the embryo of the Gecko ; they 
do not appear till the first casting, and assist in causing the 
process ; this sufficiently proves that they were not primarily 
destined to be used as organs for clinging, but have acquired 



FORM DETERMINED BY FUNCTION. 23 

that use after first serving their other function. The sculptured 
patterns on the scales of reptiles, on the other hand, may be 
regarded as the transformed and now useless remains of those 
casting hairs whose utility ended with the preparing the old 
dead skin for its casting by slightly loosening it; while the 
remains of others of these casting hairs have grown to be 
other functional organs — as sensitive hairs and clinging bristles 
— because they possessed such characters as qualified them 
for such special functions. Hence we may say that the sculp- 
tured markings on the scales of those reptiles which cast their 
skins are no longer to be designated as morphological characters, 
since it has been shown that they originate by the transforma- 
tion of parts which have a determinate, highly specialised and 
indispensable, or at any rate most useful function to perform in 
the life of the animal. 

This one example may, and in this place must, suffice to 
show that we need not abandon the hope of explaining mor- 
phological characters on Darwinian principles, though their 
nature is no doubt often difficult to understand. If it be 
granted that it is possible — or if we are at any rate allow:ed to 
attempt— to show, that in fact all those hitherto inexplicable and 
so-called morphological characters have still a determinate fiuic- 
tion, or have at any time had one, and may be regarded as true 
or as rudimentary organs which were enabled by their living 
elements to undergo further transformations and changes of 
function — if so much as this is hypothetically granted, the 
direction of our researches is clearly pointed out, and we are 
justified in prosecuting them. For since we consider aU the 
parts of the animal body as true organs, and see that the sum 
total of their functional activity determines the vital fitness of 
the species, we perceive that it is the task of the zoologist to 
enquire how the conditions of life must act upon individual 
animals and their organs, in order to be able to deduce our 
inferences as to the physiological causes of the origin of 
different animal forms. "We shall not, however, follow the 
morphologist, who seeks to trace the affinities which must exist 
between all living animals by investigating and comparing the 
forms and organs of living and extinct animals as well as the 
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processes of their development from the egg. For although the 
morphological section of animal biology teaches with much 
probability that this species or that organ has undergone this or 
that course of modification in the animal series, and that 
in the process of modification it has passed through a whole 
series of various forms, still it is only physiological research 
that can elucidate the necessity for their existence by revealing 
their causative conditions. 



SECTION I. 

GENERAL PRELIMINARY CONSIDERATIONS. 



CHAPTER I. 

THE PHYSIOLOGY OF OBGAHISMS, 

The general direction of zoology is, as we have seen in the 
introduction, determined by two branches of science — Morpho- 
logy and Physiology. Although both make it their task to 
learn to understand the phenomena presented to us by the 
animal kingdom, they are so widely different, both as to their 
details and as to the paths they have struck out for solving the 
problems, that we are fully justified in keeping them separate 
as two independent branches of science. 

The problem for Morphology is to discover those affinities 
of relationship in animals which actually exist, and to found on 
them a natural system of the animal kingdom. It attains this 
end, or endeavours to attain it, by investigating morphological 
differences, as well as those similarities which indicate a true 
affinity, by means of the comparative method — comparative 
anatomy and embryology. Physiology, on the other hand, does 
not seek to establish those affinities, but, on the contrary, to 
investigate those universal conditions of existence and those 
functions of living organisms which may elucidate from the 
point of view of the laws of causation, among other things, the 
natural system an-ived at from morphology. Morphology, indeed, 
only establishes the relations of affinity between individual 
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species ; if it ever should succeed in finding a truly natural 
system corresponding to these relations, this in itself would be 
the best morphological evidence of the accuracy of one of the 
principal propositions of the Darwinian theory, i.e. of the 
genealogical relationship of all animals. But Physiology, 
taking this result for granted as a fact, endeavours to explain 
it by revealing its physiological necessity, i.e. its dependence 
on external and internal causes whose united action has, 
slowly or rapidly, caused the transmutation of one animal form 
into another. 

It will be advisable to illustrate this proposition by shortly 
discussing an example. Morphology teaches us that two pairs 
of organs of locomotion^ — limbs — are a marked characteristic of 
the Vertebmta, and that two pairs only do not occur in any other 
animal group. Moreover, we have learned that these two pairs 
of extremities must have possessed the highest degree of plas- 
ticity, since they are found, throughout the vertebrate series, of 
the utmost variety of form and structure ; while at the same 
time their variations are so chai-acteristic that they famish us 
with an easy means of tracing even very close relations of 
affinity between different animals. But Physiology has hitherto 
been wholly unable to detect the causes which led to the 
development of only two pairs of limbs in the Vertebrata ; since 
no self-evident usefulness can be directly ascribed to the exact 
number of four organs of locomotion, and it is undeniable that 
many vertebrate animals could move just as well with six or 
more legs as with four ; there are fishes, too, as the Eel, which 
are wholly devoid of them, and yet move forwai-d with great 
rapidity by a wriggling motion of the body ; and Snakes, which 
have not four legs either, run, as is well known, with extreme 
rapidity on the points of their numerous ribs. To find a reason 
for the prevalence of four limbs in the Vertebrata, and at the 
same time the cause of their origin, is precisely a problem for 
Physiology. Even if an invertebrate animal were to be found, 
which, on general grounds, might be regarded as the nearest 
invertebrate ally of the Vertebrata, and which, moreover, in its 
larva or embryo stage exhibited organs which in position and 
structure might be regarded as comparable with the simplest of 
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the four typical organs of locomotion of the Yertebrata, such a 
discovery would indeed be hailed with delight by the morpho- 
logist.* But the physiological problem would remain unsolved ; 
it would merely be transferred from the Yertebrata as a class to 
that group to which this hypothetical animal might belong. From 
the most general point of view the purely physiological problem 
is, to say the least, of just as much importance as the morpho- 
logical. 

After this illustration we may set morphology wholly aside, 
and pass on to a genei-al preliminary consideration of the sub- 
ject of the present volume, i.e. the * General Physiology of the 
Animal Kingdom,' or, as I first named it, the Physiology of 
Animal Organisms — a title by which I intended to convey a 
certain opposition or contradistinction of the subject of which 
it treats to the general conception of Animal or Human Phy- 
siology. 

Everyone is aware that the science which is usually known 
simply as Physiology endeavours almost exclusively to explain 
the functions of different organs, and is not unfrequently con- 
fined within even narrower limits, in accordance with the 
assertion of a well-known German physiologist, that this science 
is useful only or principally in practical medicine, and must be 
regarded as subservient to it. This familiar form of physiology 
is merely the physiology of the organs ; its aim is to verify the 
laws by which the organs of sense — such as the brain — ^the 
muscles, stomach, heart, spinal cord, lungs, kidneys — in short, 
each of the various organs — exercise their functions. I am, I 
need not say, far from disputing the immense value of this 
branch of study, or even from thinking that its results can ever 
be disregarded by the zoologist. I nevertheless must maintain 
that another field, as yet almost unworked, lies open to physio- 
logical enquiry — nay, more, that organic physiology has not 
afforded such assistance to zoology as it might have done if it 
had been less exclusively forced into the service of practical 
medicine. An immense number of questions bearing the 
highest general scientific importance lie open to physiological 
enquiry in the vast number of different species of animals ; but 
they are never, or but rarely, answered or even worked out, for 
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they cannot be solved by tbe few animal forms on which 
physiology is wont to make her experiments. It is certainly 
no exaggeration to say that not more than six or eight — at most 
twelve — kinds of animals from among the many thousand 
existing forms, have hitherto been investigated by physiology 
as it is understood in our universities. 

But even supposing that the laws of organic physiology had 
been deduced from the investigation of the greater number of 
living animals instead of merely a few, it still could not avail to 
answer the questions which arise from the reciprocal relations 
of animals, and which bear upon the external conditions of 
existence. But these, above all others, are those that claim our 
interest, if our point is to establish the most universal laws of 
the development of organisms and of the transmutation of one 
form into others. 

In order to set this in a clear light, I think it will be 
advisable to compare, in the most general manner, two groups 
of facts which apparently have no common point of coincidence 
— the geographical distribution of animals, and the normal 
arrangement and functions of organs in the individual animal. 

All the organs of an animal are in co-ordination, physio- 
logically as well as morphologically. Although the liver and 
blood-vessels, brain and muscles, and all the organs appear to 
act independently of each other, they are so absolutely depen- 
dent on each other that they are wholly incapable of doing 
their duty as soon as their relations, sometimes very remote, 
to the other organs are interrupted. Thus the muscles of the 
arm, though the arm itself were iminjured, would cease to act 
with any purpose if they were made independent of a healthy 
will ; and this again depends on the normal activity of our 
vascular system, for if the blood-vessels of the brain are exces- 
sively or insufficiently supplied the functional activity of the 
will must suffer. And every separate organ is in the same 
way influenced, and its activity determined, by others, or by all 
the rest. If one organ is in any degree changed, every other 
will be affected and changed more or less. 

The same law applies in a certain measure to the present 
distributionof animals on the surface of oiu: globe. It is, no 
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doubt, evident that tlie animals now inhabiting Australia are 
so widely separated from those of England that, irrespective 
of other circumstances, it would be quite impossible for them 
to have any influence on each other. But if we turn our 
attention to a defined region, such as North or South America, 
where the most widely different animals live in the most 
intimate and ever varying contiguity to each other and to the 
plants which occur there, the case is altogether difierent. If 
the American prairies were to cease to produce grass, the first 
result would be the rapid and utter extinction of the now 
numerous herds of bufialoe, and on their existence depends that 
of the surviving remnant of the ancient Indian population of 
America. . If the various insectivorous birds of North America 
were exterminated, within a very few years beyond a doubt all the 
produce of the rich agricultural districts of that continent would 
be destroyed. If we change the mode of life of any single 
animal, the change will instantly have an influence on all the 
other animals whose healthy existence was in any way depen- 
dent on its normal function before it was altered. Although 
it is certainly true that the various animals inhabiting a country 
are not so intimately interdependent as the organs of the 
individual, the relations in the two cases may be very directly 
compared. The normal numerical proportion, mode of life, and 
distribution of animals would be altered or destroyed by the 
extermination of one single animal, just as the whole body 
sufiers, with all its organs, if only one of them is destroyed or 
injured. And in both cases nature has analogous remedies at 
her command. In the one case the function of the incapacitated 
organ can be assumed, at any rate to a certain extent, by some 
other uninjured organ, exactly as, in the other case, the function 
of the exterminated animal may be fulfilled with regard to the 
whole fauna of the country by some other animal. But a 
perfect compensation for the loss sustained is impossible in 
either case. 

This parallel between an individual organism and the con- 
ditions of distribution at present existing may be carried out 
with reference to the purely morphological relations. 

Every animal body is constructed to a certain extent in 
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accordauca with a detormintHi type, nnd every individual of a 
Bpecies repeats the oi^nisatioa of its parents without any 
considerable or abnormal devintion from it. And it is iroll 
known that this is the case not only with reference to the merq 
existence or reproduction of the same orgnns, but with r^an), 




above all, to their position. This topogi'aphy of the organs of 
an aDimal is, to say the leash, of quite equal significance vith 
the existence of the individual organs ; so much so that the 
development of our modem views as to the embryology of 
animals — the history of their individual growth — rests essen- 
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tially on the axiom that the topographical relations of the in- 
dividual organs must always be of the same general type, not- 
withstanding the utmost variety in the forms of the organs 
themselves or of the animals to which they belong, so long as 
these are included in the same systematic group. Thus, for 
instance, a vertebrate animal with a brain in the foot, as some- 
times occurs in Mollusca, or with an ear in its tail, as in cer- 
tain Crustaceans, is simply an impossibility ; among the Yer- 
tebrata these organs are always necessarily located in the skull, 
or brain-capsule, which is invariably in the head ; every organ, 
even the most insignificant, as it might appear, has its deter- 
mined position from which it is but rarely displaced. This 
topography or distribution of the organs is indicated and recog- 
nisable at a very early period in the life of the individual. Be- 
fore any kind of organ is constructed and adapted to any 
determined use, two or three embryonic layers or strata of 
cells are formed (fig. 11), known to embryologists as the 
germinal layers. Each of these is gradually formed or differ- 
entiated into certain organs. Thus, for instance, it is now 
ascertained that the central nerve-system originates in almost 
all animals directly from the outer layer, the so-called * Ectoderm,' 
of the embryo ; and we know also that the eyes and ears are 
formed in the same way from this outer germinal layer, and at 
the same time from the central nervous system, which has been 
already separated from it. The same obtains of all the other 
organs, of which some always originate from the inner germinal 
layer, others again as invariably from the median layer. This 
stratification of the body, which is, on the whole, tolerably 
uniform in all animals, and the early appearance of the three 
principal germinal layei's, can no longer be doubted 

If we now look at a map of the world on which the dis- 
tribution of the fauna into districts is indicated by different 
colours, and compare this with the lists of Birds, Mammal'a, 
or Reptiles which usually accompany such a map, we perceive 
that a great number of species, genera, and even families occur 
in only one district and not at all in the others. This matter 
has lately been admirably treated by the distinguished English 
naturalist Wallace, whose work on the geographical distribution 
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of animals will long be the chief book of reference for all who 
take an interest in the subject. I would refer the reader to 
Wallace's book, and think I may therefore fairly refrain from 
adducing numerous instances to prove that in the present 
distribution of animals on the globe an equally sharp demar- 
cation of the stratification of the groups of animals can be dis- 
cerned as of the topography of the organs in an individual 
organism. No one will expect to find living Marsupials in 
England or Germany, or buffaloes, stags, and other Kuminants 
in Australia. The reader who is acquainted with Wallace's 
work on the contrast between the faunas of the Australian 
and In do-Malayan provinces will not have been surprised — on 
the contrary will have felt a certain satisfaction — at hearing 
that an animal has lately been discovered in New Guinea be- 
longing to the group of the Monotremata and nearly allied to 
the Omithorhynchus. 

If we could describe the embryology of these groups of fauna 
— i.e. if we were in a position to represent the development of 
each distinct fauna from the earliest geological periods down 
to our own time with anything approaching to the same com- 
pleteness as we can now attain with regard to the embryology 
of many animals — we should undoubtedly be able to trace the 
present distribution of animals up to very remote geological 
periods. The brilliant results, far transcending all that had 
been previously achieved, of the palaeontological investigations 
in North America by the American naturalists, who annually 
risk their lives to obtain scientific results, will undoubtedly 
erc long put them in a position to give us an almost complete 
history of the secular evolution of the North American fauna ; 
and I am convinced that the elucidation of this branch of 
natural history will not only reveal many more impoitant inter- 
mediate forms between different vertebrate types than are now 
known, but also that the main features of the present distri- 
bution of the North American Yertebrata will be recognisable 
in that of the fossil fauna, precLsely as the general arrangement 
of the organs, in which the most dissimilar animals agree, is 
indicated from the first in the primary germinal layers. 

Enough has been said, I hope, to prove that we are justified 
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in comparing the organs of the individual, their action and 
their distribution, with the diffei-ent species of animals, and 
their present distribution and functions on the globe. The 
fauna of a district thus takes the aspect of a vast organism 
whose separate members — the different species of animals — ^are 
living parts of the body, and which has had too its embryology, 
i.e, its development in time. These species, as regards the 
laws of their local distribution, may be regarded morphologicaUy 
as the limbs of a gigantic organism which throws one or another 
of them up into the air on to the top of some mountain peak, 
while others are flung into ocean depths, subterranean caves, 
lakes, or rivers. But they may also be studied physiologically, 
and compared to organs which by their functions and import- 
ance influence the life of the whole mass, and are interdepen- 
dent by the most various physiological relations, like the organs 
of a healthy living organism. 

It is in agreement with these arguments that we apply 
the expression * Universal Physiology,* or * the Physiology of 
Organisms^ in contradistinction to the Physiology of Organs, 
to that bmnch of animal biology which regards the species 
of animals as actualities and investigates the reciprocal rela- 
tions which adjust the balance between the existence of any 
species and the natural, external conditions of its existence, 
in the widest sense of the term. Each separate organ, even 
when influenced by other parts of the body, must exercise its 
own specific function. The sum, or, to speak more accurately, 
the resultant, of all the forces simultaneously at work in an 
individual, constitutes its individual life ; and its general well- 
being and its capability for maintaining the place it has once 
acquired in the struggle for existence are the result of a 
combination of the numerous different and often antagonistic 
functions of the individual organs. This is equally true of 
species, if we regard them as members of a single vast organ- 
ism ; and this organism can only maintain its place in existence 
— the distribution, that is, of its members on the surface of the 
earth — by the efficient action of its functions, i.e, by the reci- 
procal activity of the species which constitute it, sometimes 
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co-operative and sometimes antagonistic, sometimes under the 
influence of tte external conditions of life and sometimes opp<»3ed 
to them. 

Under the term * Physiology of Organisnia ' we may there- 
fore comprehend all those laws which are known to us from the 
investigation of the relations of various species to each other 
and to those conditions of life which maintain, destroy, or 
modify their existence as species. Special physiology, on the 
other hand — which in its present stage is .often termed simply 
human physiology — or, more accurately, the * Physiology of 
organs,^ includes all those facts and laws which refer chiefly 
or exclusively to the specific action or re-action of the organs 
of individuals. 

The subject matter of the following chapters has now been 
exactly enough defined. We shall leave the laws of the re- 
lations of afiinity as revealed by morphology entirely out of 
the question, accepting them as they stand, without criticism. 
In the province of physiology we shall in the same way dis- 
regard, as far as possible, the physiology of organs ; for, at ajiy 
rate in the first instance, it is of no importance to our more 
general problem that the use of each organ should be deter- 
mined. The interest of these specific enquiries extends only 
eo far as they may be of value in determining for a species its 
capability of existence as such. At the same time it must 
never be forgotten that the results of the more general enquiry 
can never contradict the really well founded facts and laws of 
special physiology, and we shall consequently be obliged again 
and again to refer to them, especially when a species depends 
principally or exclusively on the healthy and vigorous action of 
its organs for the possibility of maintaining its place in the 
stiuggle for existence. 

Before going on to this particular enquiry it seems desirable 
that the expression * External Conditions of Existence ' should 
be as accurately defined as may be. I have already said that I 
wish to see as wide an application given to it as possible, so as 
to include every influence, however insignificant and difficult to 
detect, that can affect the ' fitness for sui-vival ' of a species, and 
to investigate its mode of action. This explanation might 
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suffice, but I prefer to illustrate my meaning by a few further 
considei*ations. 

Everything which tends to hinder or to favour the con- 
tinuance of the life of the individual and the propagation of the 
species, as such, must be regarded as a condition of existence 
for that species. In this sense every organism existing on the 
face of the globe, as well as every inorganic constituent of the 
earth's surface and of the atmosphere, is a condition of existence 
for all animals. Their relations to those organic and inorganic 
elements differ only in degree, in being more or less remote. Heat 
or cold, light as well as nourishment, the density of the atmo- 
sphere, the water or the soil in or on which animals pass their 
lives, electricity and the chemical constituents of the media 
surrounding them, whether air or water, the plants or other 
animals with which they live, either in the closest connection 
or in mere association — everything, in short — may and must 
exercise a certain influence on animals, and may be harmful or 
prejudicial to them j and there is nothing on the face of the earth 
that may not be regarded as an essential condition of existence 
to some species of animal. It is self-evident that the influences 
of these manifold conditions must be in the highest degree 
various. One animal requires a high temperature in order to 
live, another a low one ; one form prefers a very damp atmosphere, 
another a dry one ; many are destined to live always under water 
or in the soil, while quite as many disport themselves in the 
freer medium of the air. If we could suddenly reverse all the 
conditions of existence which are indicated by these modes of 
life, we should annihilate all the animal life on the earth ; for 
no fish can swim in the air, no bird can live permanently under 
water, a mole cannot climb, a salamander cannot exist in a 
desert, nor a desert-snail in the virgin forests of the tropics. 
If, on the contrary, we reverse the conditions slowly, but still at 
a perceptible rate, it is probable that most animals would perish 
while a few would survive. But if we suppose that such changes 
— in the atmosphere, for instance, in the constituents of water or 
of the soil, (fee. — were effected so slowly as to be perfectly in- 
appreciable by man, it is highly probable that the number of 
surviving forms would be very considerable. The influence of the 
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coaditions of existence thus changed is sometimes very difierent 
on nearly allied forms ; for instance, one species of Neritina can 
live equally well in fresh, bnickish, and sea water, while others 
occur only in one or the other, and cannot survive any diminu- 
tion or increase of the saltness of the water they live in. The 
simple reason of this phenomenon is the fact that the life of an 
animal depends not merely on the influence of the external con- 
ditions, but on the reaction of its own organisation. If we 
transfer a stickleback (Gasterosteus aculeatus) directly from 
fresh to salt water, and leave it there for days or weeks, it will 
not perish if it is supplied with suflicient food. But if at the 
same time we place one of the common fresh water mussels 
( Unio or Aiwdonta) in soa- water it will soon die, sometimes in 
a few hours. The remarkable difference in the behaviour of 
these two creatures is easily explained by the following hypo- 
thesis : In both animals the salt water is transmitted through 
the skin to the tissues of the body ; but this takes place to a 
much greater extent in the mussel than in the flsh, and thus 
injures it, while the fish can bear the small quantity of salt it 
has absorbed. If our migratory fishes, as the salmon, had as 
great an affinity for the salt of the sea- water as the mussels 
have, they would soon cease to exist, or would have to become 
adapted to live wholly in fresh water. Thus every change in 
the conditions of existence influences different animals in dif- 
ferent ways. The problem, then, is to investigate more accurately 
these different effects of changed conditions. 

If we suppose that some such secular change in the condi- 
tions has been effected, or that certain animals have in some 
way or other been transferred from their original stations into 
other circumstances, the effects of such a change in either case 
may be the same or quite distinct ; and this in two ways. It 
might occur, in the first place, that, the whole species not hav- 
ing perished under the new conditions of existence, a certain 
kind of selection was made among the survivors, as in the 
above-mentioned instance of the fresh-water mussel and the 
stickleback. This selective power, however, may be exerted 
not merely on a species as a whole, but on the more or less 
dissimilar individuals that compose it, and even on the organs 
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of each individual. An organ exclusively adapted to a certain 
medium, or fitted only for one restricted use, must degenerate 
and at last disappear if it becomes useless by the change of 
conditions, even though the animal itself does rot suffer from 
this on the whole. Or, secondly, the animal, though not ex- 
terminated, may be more or less crippled or altered. An organ 
no longer needed for its original purpose may adapt itself to 
the altered circumstances, and alter correspondingly if it con- 
tains within itself, as I have explained above, the elements of 
such a change. Then the influence exerted by the changed 
conditions will be transforming, not selective. 

This last view may seem somewhat bold to those readers 
who know that Darwin, in his theory of selection, Las almost 
entirely set aside the direct transforming influence of external 
circumstances. Yet he seems latterly to be disposed to admit 
that he had undervalued the transforming as well as the selective 
influence of external conditions ; and it seems to me that his 
objection to the idea of such an influence rested essentially on 
the method of his argument, which seemed indispensable for 
setting his theory of selection and his hypothesis as to the 
transformation of species in a clear light and on a firm footing. 
By a rearrangement of the materials of his argument, however, 
we obtain, as I conceive, convincing proof that external condi- 
tions can exert not only a very powerful selective influence, but 
a transforming one as well, although it must be the more 
limited of the two. We shall presently see that in many indi- 
vidual cases direct effects of this kind have been actually 
observed and perfectly established by a systematic series of ex- 
periments. The discussion of these must naturally be reserved 
for the chapters to which they belong. 

Finally, I have yet a few words to say on another objection 
which has already been frequently made to the view which is 
here brought forwai-d. It is pretty generally supposed — and 
indeed the facts often seem to bear it out ^— that those changes 
of organs or of organisms which are broiight about by the 
direct influence of any external cause are neither constant nor 
hereditary, so that the varieties that have originated in such a 
manner seem incapable of any share in the process of trans- 
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forming one species into another ; for every subsequent chaBge 
in the conditions of existence would give rise to fresh changes, 
of advance or retrogression, so that it would become impossible for 
them to develope any further in one particular direction. Under 
such a theory as this it would evidently be quite superfluous to 
investigate the influence of outer circumstances on animals and 
on their organs and mode of life. 

But this objection rests, as it seems to me, on the false 
assumption that the external conditions are constantly and 
rapidly alteiing, so that each variation caused by them is coun- 
teracted at once by some antagonistic external influence. This 
assumption is, as we know, in direct contradiction to the fsxst 
that the external conditions in reality remain constant through 
extraordinarily long secular periods. Thus the assumption would 
seem well-founded, that animals might be acted upon merely 
by the constant, uniform repetition of certain influences,^ and 
strongly enough affected to become capable of maintaining 
the characters thus acquired, even when the external causes 
which gave rise to them were removed by some fresh change. 
Hence it is impossible in our enquiry to ignore the transform- 
ing influence of the conditions of existence, merely in order to fall 
in with a somewhat commonly accepted dogma : for it is only 
by assuming that such effects are possible, and directing our 
enquiries and experiments accordingly, that we shall be able to 
arrive at any decision on the question whether such trans- 
forming influences have played any part in the development of 
animal types or not. 

After these somewhat long, but indispensable, general con- 
siderations, I must briefly indicate the classification and arrange- 
ment of the material which was best fitted to elucidate the 
study of the action of external conditions on animal life. At 
firet sight it might seem that it would be well to distinguish 
the Transforming from the Selective influences. Such a classifi- 
cation would, however, involve us in many inconveniences. In 
the first place the two divisions would be widely different in 
extent ; for while we have no particularly rich store of experi- 
mentally grounded facts, even with regard to the selective 
influences of external conditions, with regard to direct trans- 
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foriniiig influences we have next to none. I therefore prefer to 
adopt an apparently arbitrary and illogical division, classing the 
external influences as (a) those that belong to inorganic or inani- 
mate nature, and (6) those which are due to living organisms, 
and above all to living animals of other species. To the first class 
naturally belong all the relations which originate in the need 
of animals for inorganic nourishment; and this, though it is 
not unfrequently consumed in the form of living animals, is 
not able to exert its specific influence until they are dead. 

This division is, as I have observed, somewhat illogical. 
But, irrespective of the impossibility, at present, of adopting 
any other, it has this advantage — that it indicates at once the 
fundamental difierences between the two groups. The influ- 
ences of the first group may be both selective and transforming, 
while those of the second are exclusively selective. However, 
this division is not altogether sharp and accurate, as will be 
seen. 
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SECTION II 
THE INFLUENCE OF INANIMATE SURROUNDINGS. 



CHAPTER II. 

FOOD AND ITS INFLUENCE. 

The necessity of nourislimeiit. — It is universally known that 
most animals begin their existence as very minute, often indeed 
microscopic, elementary bodies, as eggs which are simply cells 
and usually immeasurably smaller than the parent animal. 
This disparity of size is most marked among the mammalia, the 
most highly developed group of the animal kingdom ; the ovum 
cell being always microscopically small, while the animals are 
often of gigantic size. This difference of size shows, without 
any further proof, that in most cases the nutriment present in 
the ovum must receive further additions of organic matter ® to 
enable the animal to acquire its proper size; and as animals 
cannot, like plants, form these matters themselves by the decom- 
position of carbonic acid, they must take it up from external 
sources in the form of ready elaborated organic tissues — which 
is equivalent to saying that animals must derive the organic 
portion of their nutriment from other organisms. The need of 
the growing animal for such organic nourishment is, as we well 
know, very great. 

But this imperative need of constantly adding new supplies 
of organic matter during the period of growth to the nutriment 
which the young animal has derived from the egg is not the 
only cause which obliges it to be always seeking nouiishment ; 
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there is a second, which in later life is at least equally press- 
ing. If there were no other cause, the animal might cease to 
eat as soon as it had attained its full gi'owth. But everyone 
knows that regular and, in some cases, numerous meals are 
required, and consequently every animal is forced, to the very 
last day of its existence, to seek food, although growth has long 
since ceased. The reason for this is very simple. That sum of 
functional activity which we call life can only be maintained by 
using up the organic matter contained in the tissues of the 
living body. The activity of the muscles and of the brain, the 
sensitiveness of the sense-organs to external impressions, the 
secretion of urine or perspiration, respiration, propagation, and 
the assimilation of food — in short, all the vital processes that are 
carried on in the living individual — are only possible through the 
consumption, or, more correctly, the decomposition, of a corre- 
sponding amount of the organic matters contained in the organs 
that are exercised. The minimum of matter thus destroyed 
may be greater or less in diffei'ent animals, sometimes even 
inappreciably small; but the loss of even this minimum of 
organic matter must sooner or later endanger the life of the 
animal if it is not soon made good. In order to make it good 
and to be at the same time in a position to carry on uninter- 
ruptedly the normal process of loss of its own tissues by secre- 
tion, the animal must consume nourishment in various pro- 
portions according to its needs. There are apparent exceptions 
to this rule : for instance, the well-known cases of animals — 
Amphibia, MoUusca, and others — which are able to live for years 
without food. I myself kept various species of land-snails for 
years wrapped in paper and quite dry in wooden boxes, and thus 
wholly without food, and many of them are at this day alive 
and active.* The explanation of this striking instance is easily 
found. The amount of nourishment required daily by any 
animal must naturally be equivalent to the organic matter 
which is daily used up in the various organs to keep up the 
vital processes : the more active an animal is, the more food will 
it require. But the vital processes of animals that are as low in 
the scale as the Amphibia or Univalves are extremely feeble ; 
their respiration, even under the agitating influence of pro- 
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pagation, is not sufficiently energetic to raise the temperatui-e 
of the body perceptibly higher than that of the surrounding 
medium, whether air or water. In such animals the need for 
food may be in fact suspended for a long period, as their 
vital processes can easily be reduced to a minimum without 
endangering life. But, notwithstanding the privation of 
nutrition, a certain consumption of organic constituents, how- 
ever small, must be constantly going on ; for such a consumption 
is insDparable from respiration, and this, even when reduced 
to the lowest point, can never be wholly suspended without 
endangering the life of the animal. Thus, in such cases, the 
cessation of consumption of nutriment in no way proves that 
the animal could have carried on an active life without food, 
but only that its vital activity can be to a certain extent latent 
for a long series of years ; still, not for all eternity ; on the 
contrary it is perfectly certain that, even in an apparently latent 
life, a certain consumption of organic tissues goes on, since with- 
out it respiration, which is indispensable even when reduced 
to the lowest point, is impossible, and so death must ensue even 
with those animals that have the utmost powers of resistance. 
Thus distinctions can only pi'operly be made between the 
diffei-ence in the amount consumed and the greater or less 
resisting power as affected by that difference. Thus, for 
instance, warm-blooded animals generally can scarcely live a 
week without food, while cold-blooded animals can often support 
life for many months without nourishment ; and it is extremely 
interesting to observe that animals so high in the scale as the 
Mammals that hybemate can, in the same way, carry on a 
latent life for months without any nourishment, like Land-snails 
or Amphibia ; not only do they not suffer, but they actually 
require this period of negative existence during their winter 
sleep for the maintenance of their normal vitality. For certain 
reasons to be discussed presently, these animals during their 
hybernation have been compared, and apparently with justice, 
to the cold-blooded animals. 

The amount and kind of nonrishment. — The amount of 
nourishment required within a given time stands, as has 
been observed, in the closest relation to the greater or less func- 
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tional activity of the individual organs, to the size of the animal, 
and also, as I must now add, to its special adaptation to a certain 
mode of life. It is clear that a large animal must consume 
actually more food than a small one, but with relation to the 
mass of the animal the proportion may be precisely inverse. 
Thus we know that a caterpillar, at the period of its most 
rapid growth, eats a great deal more in proportion than a dog 
or an elephant. The determination of the absolute and relative 
amount of nourishment needed by different kinds of animals 
is extremely difficult and of no importance to the present 
enquiry. It offers, indeed, only two points of more genei'al 
interest, of which one shall at once come under discussion, while 
the other — the relative amount of nourishment required by 
carnivorous and herbivorous animals — will be treated later. 

The amount of daily nourishment needed differs very widely 
in individuals of the same species ; one will eat, another will 
drink, more than others; but they will all be apparently 
equally thriving, excepting in cases of actual over-eating or 
privation. Between these two extremes — which both result in 
death, because the maximum of utilised nutrition is exceeded or 
the minimum is not attained — there is a graduated scale of 
quantities, which are less and less favourable as they approach 
these dangerous extremes. Hence a point must exist between 
the two, which is the most favourable as regards the mass of 
food introduced into the stomach. This may be briefly desig- 
nated as the optimum of food. But this optimum does not 
lie, as it might be supposed that it should, exactly halfway 
between the two extremes, but may lie, according to the 
creature's needs, nearer to the one or the other. It is, of course, 
of the highest interest to ascertain what the optimum of daily 
nourishment is for different animals, since this must be one of 
the most potent influences which govern the constantly vary- 
ing numbers of species and individuals. Unfortunately no data 
of general value exist on this point.*** We know, with tolerable 
accuracy, the optimum of nutrition for man, for the domestic 
animals, and for those that have been subjected to physiological 
experiment ; also for some others, such as many birds and 
insects, which are of interest to the husbandman. But this 
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knowledge, in itself but small, has been acquired either b}" 
casual observations or by experiments which relate almost 
exclusively to such animals as are useful or iujurious to man, 
and the general biological bearing of these proportions has as 
yet been in no way verified by investigation. Hence I shall 
avoid giving any specific data, and it will suflBce to repeat once 
more that every deviation from the optimum of nutrition (as 
to quantity) must be more or less injurious to the creature. 

The quality of the nourishment has, if possible, an even 
greater influence on the life of the individual and consequently 
on the s|)ecies, and it constitutes one of the most powerful 
influences for adjusting the relations between animals and their 
sul'rounding circumstances. There is scarcely a constituent of 
the earth's crust, whether on land or in water — not an animal 
nor a plant, whether living, dead, or even in decomposition — 
which does not afibrd nourishment to some living animal. Some 
insects live in dried wood, others on living leaves or roots. 
Almost all the species of Holothuria (sea-cucumbers), many 
sea hedgehogs, and one genus of Mollusca (Onchidium) swallow 
sand or mud, while neglecting the animals and plants which 
lie close at hand. Parasites suck the blood of their host or 
absorb the juices of a particular organ ; certain larvae of Ascaris 
(Ascaris nigrovenosa, in the frog) consume the organs of their 
own parent ; and human flesh is a tit-bit to some of the human 
race. But in these, as in all other cases, animals require two 
quite difierent kinds of food ; it must be of organic and of in- 
organic origin. If one kind of nutrition is omitted, the other 
kind, exclusively supplied, will no longer have the same favour- 
able efiect on growth and the other vital processes that it had 
when duly mixed with the other kind. This fact is universally 
recognised with regard to man and the domestic animals ; but 
it obtains throughout the animal kingdom, though it is not in 
all cases so plainly apparent. Thus, for instance, Parasites — 
such as tapeworms, threadworms, &c. — seem to require one kind 
only of organic food, since they live in certain organs only, 
one species in the liver, another in the intestines, others again 
in the brain (as the worm which gives sheep the staggers) or in 
the eye, the skin, and even in the bones. All these species of 
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animals take in only the one form of nourishment which they 
find in those organs in which they take up their residence ; and, 
in a certain sense, we are no doubt justified in saying that these 
animals live solely on organic food. But when we remember 
that the fluids which permeate those organs invariably contain 
a larger or smaller quantity of salts in solution, this contradic- 
tion does not seem, accurately speaking, to exist ; for it must 
evidently be quite immaterial whether an animal takes up the 
earthy salts and water which are indispensable to its existence 
directly in their original form, as we do, or indirectly in the 
juices of the animals or plants on which they feed ; only in the 
latter case, if the amount of inorganic matter contained in the 
organ is sufficient for its needs, it will require no further addition 
of salts or of water. 

Recent physiology establishes the fact that in man and in 
the few animals physiologically experimented on, the propor- 
tion of inorganic and organic food must always be approxi- 
mately the same, if health is to be maintained unimpaired. 
We know moreover that nourishment, at least for man, is taken 
in combinations in which a conspicuous part is played by 
stimulants, which by their presence excite the glands in the 
mouth, stomach, &c., so that they fulfil their office more effec- 
tually. The most universally used stimulant is salt. We may 
very fairly suppose that a similar proportion between organic 
and inorganic food is necessary to all other animals, and also 
that they need a mixture of innutritions stimulant with their 
food ; for instance, we know that E-uminants are very fond of 
salt. But we have no general and verified data on this sub- 
ject, and the ouly theory we can assert with any degree of pro- 
bability is that the stimulants, if any, needed by the lower 
animals must be quite different from those required by man and 
the higher animals. 

Irrespective of salt, these stimulants — or excitants — consist, 
for man, principally of wine, bc^er, and other alcoholic drinks, of 
coffee, tea, &c., and the various spices. Although we are now 
speaking of them as in contrast to nutritions food, properly 
speaking, because they are not transformed or assimilated into 
living organic tissue, they would seem to be almost indispen- 
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sable aids to the assimilation of the irue nutriment. They 
may ]>e compared to the oil needed for the working of every 
machine ; this does not add to the effective power of the 
machine, whatever that power may be, and yet it cannot work 
smoothly for any length of time without it. It is in the same 
way that stimulants enable the body to exert its digestive 
powers to the utmost. Can other animals dispense with such 
an * oiling of the machine ' 1 This gives rise to the question 
as to what sort of stimulants they need ; and to this other 
one : Whether substances which certainly are by no means 
stimulants to man may not prove to be such to the lower 
animals. And finally a third question occurs : Whether other 
influences, irrespective of the actual reception of food into the 
intestinal canal, may not act as powerful stimulants for the 
absorption of true nourishment. This last question may for 
the present be regarded as superfluous, but it seems "advisable to 
point out that in Chapter YI., * On the Influence of Stagnant 
Water on the Creatures inhabiting it,* evidence will be adduced 
that in certain of the Mollusca {Lyrancea) the assimilation of 
nourishment depends not merely on the food itself, on the 
healthiness of the organs, on the temperature, &c., but also on 
the influence on the skin of a certain constituent of the water 
at present unknown to us. 

Organs for taking in, preparing, and assimilating the 
food. — Everyone knows that digestive organs of some kind are 
possessed by every sort of animal, and it may be taken for 
granted that the general structure of these organs and their 
mode of action are generally well known, so that it will be 
superfluous to describe here the endless variety of such parts ; 
every text-book of zoology gives ample information on such 
points. A general outline of the relations of the parts must, 
however, be briefly given. In the first place, their position, 
invariably within the body, is worthy of remark, since it is 
this which necessitates the presence of other organs which 
have oei"tain auxiliary duties to perform in the service of their 
masters — the stomach and the intestines. The organs for 
taking up food, the mouth, teeth, and, more remotely, the fore 
extremities or other exteniial parts, are specially adapted to 
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secure food, to divide it, and to transmit it to the stomach after 
being well comminuted ; while man also requires the assistance 
of the cook in the preparation of his food. Now although, 
from a physiological point of view, these auxiliary organs are of 
less importance than the digesting intestinal canal, they are of 
the highest interest for us, inasmuch as they involve an endlessly 
varied series of links between animals and the conditions under 




Fig. 12,— Sacculina cairhiU with the tuft of clniging roots which it inserts into the body 
of its liost ; b, its larva (Nauplius) ; c, I'hompsonia globosa (Kossmann) ; d, its larva, 
Cypris stage. 



which they live, in addition to those which arise from the mero 
quality and quantity of the nourishment required. 

The i^eculiar mode of taking up nourishment exhibited by 
various Parasites must also be shortly described. Asa rule, 
almost without exception, the larvge of parasites swim or move 
freely about in water (leading a very unfitly termed active life). 
During this stage of free locomotion the larvee are usually high 
in the scale of structure. The larva of the parasitical Copepoda 
or Cirrhipedia (for instince, of a Sacculina, ^^. 12) is known 
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to 7XK)logists as a Nauplius. This animal has a nervous system, 
external organs of locomotion of a complicated character, a mus- 
cular system of the crustacean type, a well-developed intestinal 
canal such as is found in the Nauplius larvae of the lower crabs 
that are not parasites, and usually even special organs of sense — 
eyes. Gradually this Nauplius, after attaching itself to the 
gill or skin of a fish, or under the tail of a crab (Sacculina), 
loses its organs of locomotion, the greater part of its muscular 
and nervous system, its organs of sense, nay, often its mouth, 
stomach, and intestinal canal. Thus the lively crab-like larva 
is transformed into a shapeless sac, exhibiting no trace by which 
its crab-like nature can be recognised. Still the creature needs 
a limb by which to cling to the animal that is to be its host 
and provide it with nourishment ; peculiar clinging organs are 
developed instead of the lost motory organs (Gg, 12, a), and 
these not unfrequently also assume the office of absorbing 
nutrition from the host. Such, for instance, is the case with 
the parasitical crabs, which, like Sacculina (fig. 12), live on the 
abdomen of the hermit crab [Pagurus) or of other crabs. 
They have, without exception, long filamentary processes at the 
fore-end of the body, with which they cling and bore through 
the skin of the crab into its abdominal cavity, and then they 
clasp portions of the crab's internal organs, particularly the 
liver, in the long entangled filaments. These slender threads 
are thin-coated tubes which open into the body cavity of the 
parasite, so that it is highly probable that these clinging threads 
also serve the pui'pose of suckers, since they are capable of 
absorbing nourishment in a fluid form through their thin tissue ; 
at any rate, they do not convey it into an intestinal canal, for 
the parasite has none. This, however, is no argument against 
the assumption that the fluid thus absorbed by endosmosis 
through these roots or suckers serves as food ; for we know that 
in all animals which have a body cavity and dispense with a 
vascular system the food must first pass into the body cavity, 
in order to lie conveyed from thence to the organs situated on 
it. So far as regards the part taken by the clinging filaments 
as organs of nutrition to the parasite, it is perfectly indifferent 
whether the nutritious fluids to be assimilated first pass through 
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the intestine into the hody cavity, or, as in Sacculina, arc con- 
veyed to it directly by the suckers. 

We hereby see that the ways and means by which animals 
obtain the food they need are very vaiious ; even mere external 
appendiiges of the body may, like the roots of Sacculina, be 
transformed into organs of nutrition. But there are other ways 
in which we see an essential difference in the mode of obtaining 
nourishment that characterises different animals. All animals 
that have well-developed internal organs of nutrition are com- 
pelled, under the influence and guidance of their will and their 
subjective sensations of hunger and thirst, to make more or less 
vigorous voluntary efforts to obtain the amount and kind of 
nourishment they require. Even animals of such simple struc- 
ture as the Infusoria obey this law, though their intestine, 
stomach, and mouth do not constitute separate organs, but only 
are portions of their protoplasmic body, and though, like all 
other one-celled animals, they absorb their solid food direct 
into the digesting protoplasm ; still they manifest liking and 
aversion for different kinds of food, just as much as the higher 
animals ; they never swallow that which they dislike, even 
when by some accident it comes into contact with their mouth 
at the same time as the food they prefer. 

The case is quite different with all those true Parasites which 
dispense altogether with a true intestinal canal ; they can take 
up nourLshment only in a fluid state, as their skin alone is 
capable of absorbing it by osmosis, and this is quite independent 
of the will of the creature. Thus the Cestodea, the curious 
parasitical snail Entoconcha, several parasitical Crustacea in their 
fully developed state, the parasitical Trematoda (as the liver 
Distoma), and even some insects— all of which absorb their 
nourishment through the skin without having any intestinal 
canal — depend for their life and wellbeing on the osmotic rela- 
tions between their skin and the fluids surrounding them. 
Now, as osmosis through the skin — i.e. the absorption of the 
flud nutriment in the suiTounding medium — can never, so 
far as we know, be interrupted, all these animals are compelled 
to be incessantly taking up and assimilating food. Thus the 
parasite m quite incapacitated from making any choice in the 
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nutriment supplied to it, since it is fixed in the skin or in some 
particular organ ; and moreover it must always perish if by any 
circumstance the fluids which bathe its skin are so far altered 
as to cease to be fit to nourish it. 

From these circumstances it will be at once understood that 
there is a fundamental difference between true nutritive matters 
and certain other substances. If indeed, as is sometimes done, 
we choose to call everything food which may be in any way 
concerned in digestion and the absorption of the gastric juice or 
a partial conversion into organic substances, heat, and motion — 
irrespective of how or through what means the matters were 
conveyed into the organism, and so rendered efficient^-we shall 
be forced to apply the term not merely to oxygen and ozone, 
which are taken into the body by respiration, or water and 
salts, which are introduced in the most various modes — often 
through the skin — but to all the other influences which are in- 
dispensable to the life and growth of every individual. Nay, 
even the sunbeams with their waves of heat and chemical light 
must be included, for without their aid the stomach and in- 
testines could not fulfil their functions, any more than the gills 
or lungs, the brain or the organs of sense could carry on theirs 
without healthy nutrition through the intestine. Hence we 
are justified, while investigating the eff*ects of nutrition on the 
animal organism, in directing our attention solely to those in- 
ternal organs of digestion which demand the collaboration of 
external auxiliaries, and in leaving absorption by the skin quite 
out of the question; for although this process, as regard? its 
effect on the life of the individual, acts precisely like the true 
nutritive function, it induces no other connection with the ex- 
ternal conditions of existence than those which subsist in all 
animals through the skin and its relations to the medium 
surrounding it, whether air or water, &c. These relations 
never demand any special auxiliaries that depend on will, in- 
clination, or disinclination, since the eflB.cient action of the skin, 
in all such cases, depends merely on the molecular relations 
between it and the fluid matter with which it is in contact.*^ 

The results we have so far arrived at may be thus shortly 
recapitulated. We have seen that food, in the strict sense, 
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gives rise to various relations between the animals and their 
snrroundings in the following manner. All animals need a 
certain optimum of food ; being compelled to take organic as 
well as inorganic food, they are dependent on plants, which 
alone are able to form organic compounds by the decomposition 
of carbonic acid; both the quality and quantity of the food 
lead to a vast number of very various relations between the 
animals and inorganic nature on one hand, and living beings on 
the other ; finally, the organs which are auxiliary to the acqui- 
sition of food are in direct connection with the animal's mode 
of life. 

Every modification of these relations once established must 
necessarily exercise an influence on the animals in contact with 
it, and in this case, as in all others, this influence may be two- 
fold : selective or transforming. The great variety, as has been 
briefly indicated, of these conditions and relations requii-es us to 
discuss a few cases of more conspicuous interest, in order to un- 
derstand how far food does in fact exert a direct or indirect 
influence on different animal forms. 

Monophagous and polyphagous animals. — Any division of 
animals into two such groups as are here indicated has obviously 
none but a purely physiological value, nor is it a thoroughly com- 
prehensive one, as we shall immediately see ; although a very 
conspicuous contrast exists, and has a certain value, between 
Monophagous animals — consuming, that is to say, only one kind 
of food — and Polyphagous creatures, which eat a variety of 
food or even anything that comes in their way. 

If we confine our attention to the distinction between the 
two kinds of food, vegetable and animal, .we may regard all 
purely carnivorous or purely herbivorous animals as monopha- 
gous ; but within each of these groups there are animals that 
are monophagous in the strictest sense of the word, several 
species being fitted in fact to feed on one kind only of organic 
food. A closer enquiry into the conditions resulting from this 
will be of interest. 

In the first place, it is clear that a certain interdependence 
between flesh- and plant-eating animals must exist, and find 
its expression in the proportional numbers of individuals of 
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the two groups generally distributed over the face of the earth. 
We know that its surface — dry land as well as land covered 
with water — is capable of producing only a certain limited 
number of plants, depending on the conditions of the locality. 
Assuming then that a given number of plants — ^the maximum 
number being present at the time — offered, let us say, a thou- 
sand imits of food to these two classes of animals, the car- 
nivorous and herbivorous species would not be able to have an 
equal share of the space and of the food it would afford. The 
flesh-eaters would only obtain food from the soil indirectly 
through the plant- eaters. Now the transmutation of the nutri- 
ment derived from the plants into the flesh of the plant- eaters 
is inseparable from a certain loss in the whole mass, since the 
oxidation of a certain amount of the organic constituents is 
necessary for the production of animal heat and for the move- 
ment and due use of all the functions of the body. Now we will 
assume — quite arbitrarily — that the proportion of the whole 
mass of plants produced by the soil is to the animals which can 
subsist on them — converting them into animal tissue— as ten to 
one; then, in the area we have assumed, only 100 imits of 
feeders — individual Herbivorous animals — can live on 1,000 
units of plant food. The maximum of nourishment, then, which 
exists for monophagous carnivorous animals, can amount only to 
100 units. In the transmutation of these 100 units of food in 
the organs of the Carnivora a considerable loss will be incurred; 
organic matter will be consumed, the indigestible portions, as 
hairs, hoofs, and horns, will be ejected, and if the proportions 
were such that ten units of animal food could suflSce only for 
one unit of the animal body, the maximum of food as supplied 
by 100 herbivorous animals would enable 10 carnivora at most 
to exist. Thus the same area can never produce and maintain 
so large a number of carnivorous as of herbivorous animals, an 
inference which is perfectly confirmed by the facts. It is well 
known that the number of Herbivora is much greater than 
that of Carnivora; and in connection with this fact is this 
other, that among the Vertebrata, those at any rate that com- 
monly live in large herds, are vegetable feeders, while the indi- 
vidual Carnivora, which are on the whole much less numerousj 
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display a much gi^eater disposition to sepamte themselves into 
small families. Thus the number of individuals of the mono- 
phagous animals depends in a great degree on the nature of 
their food ; and even the most primitive habit of life, i.e. the 
instinct of living apart from their fellows, or of living associated 
in large herds, is very decidedly influenced by it, if not actually 
produced by it. 

The dapendence of the Garni vera on the Herbivora thus 
clearly indicated, leads to another question — that, namely, as to 
the possibility of animal life existing where no plants can grow, 
and where consequently no vegetable feeders can live. We 
know now that, contrary to the opinion which for a time 
prevailed that the bottom of the sea was uninhabitable, a 
considerable number of the most various creatures live in spots 
where the sun's rays never penetrate, and where, therefore, no 
plant can grow. According to Forel, plants containing chloro- 
phyll cease to be found in the Lake of Geneva at about one 
himdred fathoms, and the limit in the sea seems to be about 
the same. Nevertheless, in the Lake of Geneva, which is much 
more than one hundred fathoms deep, and eveiywhere on the 
floor of the deepest Atlantic, we find a multitude of living 
animals. These, at such great depths, cannot feed on living 
plants ; they must all be flesh-eaters, as has been confirmed by 
observation. But as they cannot form organic matter from 
carbonic acid, water, and ammonia, they must soon infallibly 
perish if no substitute were provided for the animals destroyed 
for food. Hence we may be allowed to assume that the organic 
food found in the plants at the sui'face of the sea is in some way 
conveyed to some of them. Professor ]\Iobius of Kiel has 
lately undertaken the investigation of this problem. He came 
to the conclusion that the organic matter produced at the 
surface of the sea by the decomposition of plants and animals is 
carried down to the bottom by the Sinking Current, as it is called, 
which results from the difference of temperature at the bottom 
and at the surface ; this theory, however, cannot be regarded as 
proved by the experiment which Mobius made for that purpose. 
In small aquaria which were perfectly protected from any 
shock, variation in temperature produced sinking currents 



54 THE INFLUENCE OF INANIMATE SURROUNDINGS. 

whi(;h sufficed to level gradually, but completely, the uneven 
mud at the bottom of the aquarium. Now it is true that we 
know that many currents occur in the ocean which reach to 
the bottom, and which, as they take their rise at the surface in 
remote localities, seem specially adapted to convey food from 
above to the deep-sea creatures. But Mobius himself points 
out that one assumption is still unproved by this — namely, that 
the organic portions of the plants and animals that fall from 
the surface must remain undecomposed in their journey if they 
are actually to serve as food for the animals there. Whether 
this is the case we do not know, and this really ingenious theory 
remains for the present unproved, and may perhaps be ere long 
replaced by another not less plausible. 

We will now enquire more closely into a few striking 
phenomena connected with the monophagous habits of certain 
animals, and endeavour to demonstrate, by the discussion of a 
few examples, the extremely diverse conditions which appear to 
be produced by the adaptation of various animals to one single 
kind of food. It is clear that an animal to whose existence one 
particular sort of food is indispensable must be the slave of 
that plant or animal which alone can supply it ; such a mono 
phagous creature must consequently, in many cases, be adapted 
to the same mode of life as the organism on which it Kves. 
Many birds live, as is well known, exclusively on hard seeds. 
Now, as the beak of a bird is but rarely adapted to crush such 
seeds or grains, the grain-eating birds must possesis another 
organ with which to reduce them. This organ is what is 
known as the gizzard. This has on its inner side a very thick, 
hard, brown skin, which is admirably suited to triturate the 
hard grains by the aid of the grains of sand and small pebbles 
which are swallowed at the same time, and to protect the softer 
portions of the stomach against the ill effects of the sand and 
stones. Thus we here find a peculiarity which enables its pos- 
sessor to avail itself of a particular supply of food, which the birds 
of prey with their soft stomachs are unable to take advantage of. 
A still more striking illustration of the fjict that such organs, 
calculated for a single kind of food, sometimes appear under 
very unexpected aspects, such as by all school theories would be 
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considered impossible, U afforded by tbe genua DaiypdtU among 
the snakes; the species occur in Africa and live on birds' eggs. 
They swallow their food — the eggs — as other snakes swallow 
frogs and fishes, snails or mammals. But tbe nourishment 
contained in the egg is enclosed in a calcareous envelope — 
tbo e^-sbell ; if the snake, in order to get at the contents of 
the egg, were able to crush it by its teeth and jaws, it would 
certainly lose the greater part of the fluid contents. The only 
way to lose nothing of it, therefore, is to swallow the egg 
whole; and in point of fact it does reach the stomach un- 




BiiiariJ, enciosed In ' ' ■ 

broken. But here organs have developed in a most marvellous 
way, which, in all other cases without exception, are confined to 
the bones of the mouth, namely, teeth. These occur firmly set 
on the lower side of the vortebrie and in the forepart of the 
stomach, and their points pierce through tbe coat of the 
atomach so far that they seem to be puiposely fitted for break- 
ing the eggs passing through it ; in fact they must work in this 
way, for they are the only part of the stomach strong enough to 
be able to answer this purpose. This is, as has been said, the 
only instance of true teetb, acting as sucb, occurring in any 
other situation than on the bones which aurronnd the civity of 
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the mouth ; but it is an exception which, as we see, is due to 
the propensity of the species of Dasypeltis to make the eggs of 
birds their exclusive food. 

These few examples, to which othei^s could easily be added, 
for many are universally known, will here suffice to prove 
that monophagy in animals is often connected with the 
occurrence of special organs or relations of structure, and that 
the preservation of such species is solely due to their efficiency. 
Their inefficient development would infallibly lead to the 
destruction of the species — taking it for granted, of course, 
that it was unable to accustom itself to any other food. 

Sometimes adaptation to a single kind of nourishment does * 
not depend, as in the cases here considered, on the existence of 
a special organ, but on a peculiar cycle of development in each 
individual animal. This, for instance, is the case with all the 
Intestinal Worms. These must become extinct if their larvae 
were not able, or even forced, to migi*ate and to seek food in 
other spots away from their parents. If we suppose that the 
Tapeworm, or even the Trichina, were capable of going through 
the whole cycle of its development within the same host, its 
permanence as a species would be possible only if all men were 
habitually cannibals. Corresponding to this we find that all 
Intestinal Worms have to go through a longer or shorter 
period of migratory existence as young and sexless creatures 
or as larvae. They at the same time change their host several 
times — for they often become parasites from the first, after a 
short period of free 4ife in the water — till at length they are 
sexually mature, and have found their way into an animal or 
an organ similar to that which they left in the embryo or larva 
state. All internal parasites are subject to this inevitable law 
of migration — such, that is to say, as live in the interior of an 
animal structure or of its organs. It is applicable even to the 
well-known Trichina spiralis, which is capable of going through 
all the stages of its development in the same animal, but which 
nevertheless travels, in its youth, from the intestine outwards to 
the muscles. From them, however, it is incapable of returning 
to the same intestine, although it would be perfectly capable of 
achieving sexual development there and of producing eggs ; it 
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must absolutely pass out from the muscles to the intestine of 
some other creature — a rat, a mouse, &c. — in order to pass, in 
the second geiieration, back again into the human intestine. If 
the Trichina from the muscle does not pass again into the 
intestine of some other creature — which is, of course, commonly 
the case as regards human beings — it infallibly dies, although its 
tenacity of life is enormous ; such a Trichina can live for ten 
years enclosed in a muscle. Here the permanence of the species, 
as such, depends on the capability of the larvae for migration, 
and for finding their nutriment in other animals which may 
secure their transfer into those in which alone they can find 
the special food that is necessary for their full development, 
and for the exercise of their sexual functions. If a ;^oung para- 
site were to lose its way, or to be swallowed by an unsuitable 
host— a Trichina, for instance, by a Fish — it would infallibly 
perish unless it were able to accustom itself quickly to the 
food which is unsuited to it. No such cases, however, are 
known of adaptation of parasitical worms, when sexually 
mature, to an unwonted form of nutriment. Thus it would 
appear as if in these cases, without exception, the change of food 
involved in the migration of the young animal were of the 
same service to the species as are special organs contrived for 
special nutrition in others ; the preservation of the species in 
the former class depends on change of food and migration 
just as much as, in the latter, it depends on the adaptation and 
functional activity of individual organs. 

A similar dependence of the species on its food does not of 
coui'se exist among the truly Polyphagous Animals. Their 
polyphagous habits allow of their changing their food at 
pleasure without suffering in any way, or at any rate seriously, 
when, from any external cause, they are obliged to alter their 
mode of life. It must not however be forgotten that even these 
animals depend to a certain, if not to a very great degi*ee, on the 
nature of their food. It is now universally admitted that in 
many animals a definite relation must subsist between the 
amount and kind of food if the animal is to derive the greatest 
possible advantage from the food consumed. Man in this 
respect offers the best known instance. Starchy food or sugar, 
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fat or meat, salt, water, and stimulants must be obtainable in 
certain proportions — which may be designated as the optimum 
of nutrition — if they are actually to produce all the effects 
proper to themselves and beneficial to the human organism. 

"We are certainly justified in supposing that similar relations 
exist between the various constituents of the food of the other 
polyphagous animals. But we know nothing or very little on 
this subject, although it would be very interesting to learn 
whether similar relations in the admixture of these constituents 
subsist for the lower animals as for man ; or, on the other hand, 
q\iite difierent ones — for low forms of polyphagous animals, for 
instance, as Insects, Crustaceans, and Molluscs. At present, 
therefore, an enumeration of polyphagous animals has no 
interest, since we cannot learn from it anything as to the 
dependence of the polyphagous animals on any definite mixture 
of food, or as to their absolute independence of it. 

Many cases of polyphagy are of the highest interest as con- 
sidered from another point of view. In connecting and compar- 
ing the physiological activity of an animal with its position in 
the general system, we might perhaps expect to find that all the 
species of a genus, and still more all the individuals of a species, 
would be equally dependent on the same mixture of food ; and 
we should be particularly inclined to this assumption in all those 
cases in which, as we know, the consumption of food directly 
depends on the presence of one particular organ of definite 
structure and action. Such a conclusion would nevertheless be 
wholly unjustified. We will for the present postpone the ques- 
tion as to how far diffei*ent individuals of the same species may 
be capable of varying their nutrition, and will here only investi- 
gate those cases which show that many polyphagous species are 
found in genei*a which otherwise contain none but monophagous 
Camivora or Herbivora. 

The greater number of Parrots are, as is well known, vege- 
table feeders — live, that is to say, on grains and fruits. Many, 
however, eat insects eagerly, and even meat ; and it seems to be 
a tolerably general custom in zoological gardens to add a 
certain proportion of fat to the vegetable food of the larger 
parrots. The Lizards of the Eastern hemisphere are, almost with- 
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out exception, carnivorous ; those of the Western, on the contrary, 
chiefly herbivorous. But amoDg the former there are certain 
species — Lacerta agilis, L. muralis, and others — Vhich some- 
times, like dogs, eat grass and even fruits. On the Balearic 
Island of Ay re, close to Majorca and Minorca, lives an entirely 
blue-black variety of L. muralis, which I myself found there. 
The island is very bari*en ; only low shrubs grow on the stony 
soil, and during the dry months, from June till October, not 
even burrowing insects are to be found. During this period the 
lizai'ds feed on plants, and above all on the fruit which is brought 
in by the inhabitants. I have been able to keep numerous speci- 
mens which I brought away with me, for months together, even 
during our northern winter, on sweet fruits, juicy or softened 
by soaking. Now in all text-books of zoology it is stated that 
the lizards of the Old World are distinguished by having teeth 
connate with the jaw, while the vegetable-eating lizards of the 
West have teeth which grow in sockets in the jaw. The facts 
above given suffice to show that this parallel between the 
nutrition and the animal's place in a system— such as seems to 
be indicated by the teeth — is in fact defective in individual cases, 
and we may even hazard a suspicion that it may in great part 
depend only on insufficient observations of the habits of lizards 
on the part of zoologists. Most small apes feed on fruits ; 
amongst them, however, Jachus vulgaris, known as the Mar- 
moset, is distinguished by an inordinate liking for the ill-smell- 
ing cockroach, a species of Blatta, Our common perch, as well as 
a few Cyprinoidse, frequently eat duck-weed (Lemna), although 
they belong to a group of carnivorous fishes ; squirrels are the 
greatest enemies of our singing birds, whose eggs and young they 
devour in great quantities ; individuals of the Russian brown 
bear will feed on oats, others on honey, others again on ants or 
meat. In conclusion I will only mention one fact frequently 
observed in aquaria by myself and by others. The well-known 
Eui*opean pond-snail, Lymncea stagnalis, belongs to a group of 
Mollusca which all live on vegetable matter ; and their lingual 
teeth are regarded by malacologists as typical of true plant- 
eaters. Nevertheless, the Lymnsea is fond of eating the little 
water salamander, Triton. I have often observed them sud- 
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dertly attack quite healthy living apeuimens of Triton tmniatus, 
overcome them and devour them, although the aquarium was 
full of luxuriantly growing plants, on which these water-snails 
iieually feed. 

These instances" will, I think, suffice to warn us to be 
cautious when, from the systematic position of an animal and 
the structure of its organs, we are called upon to determine 
what may be its mode of life and nutrition ; they further teach 
us that a polypbi^ous animal can occasionally be easily trans- 




formed into a monopbagous one without suffering any sei'ioua 
injury. 

Thus, in general, polyphagous animals are less dependent on 
their food than monoph^ous species, and hence food can exert 
only a weaker selective influence on the former than oo the latter. 
Assuming, for instance, that there were an animal which, up to 
the present time, had been fitted to use a. certain species of 
animal or plant as food, and that it wei 
a foreign country where such food i 
animal or plant serving it for food w 
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of the fipecies as such might be made possible if the surviving 
specimens could quickly accustom themselves to the effects of a 
change of food. Such an accommodation to a new diet, not 
properly suitable to the anioial, might be expected to be almost 
impossible to monophagous creatures, but to the poiyphagouB 
for less so. 

However, many animals of both groups are already known 
which ai-e able, intentionally or nndei* compulsion, to change 
their food, and in a corresponding degi'ee their mode of life. 
The vrell-known anatomist and physiologist, John Hunter, long 
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since communicated his observation that a kind of gull, Lanu 
Iriilaclylui — can live on grain, although its stomach is adapted 
to flesh diet ; it commonly feeds on fish. Another species, 
Lams argentatits, is said by Dr. Edmonstone to live in tho 
Shetland Islands on grain in the summer, and on fish in winter. 
In the same way the Coypii^-Mi/opotanius Coipu— living in 
the Chonoa Islands, off the western coast of South America, 
has accommodated iti>elf to an animal diet ; it there chiefly eats 
the marine moilusca of the coast, where alone the creature is 
found ; on the mainland, high up the country, it feeds exclu- 
WTely on roots, which it digs out on the shores of streams and 
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bro:>ks, A very interesting example is offered by the Kia — 
Xeslor niir>ifiHiii—o{ New Zealand ; it is allied to the parrote, 
and foimorly fiid on the jiiites of plants and flowers, but lately 
it lias become ncciistomud to flipping the blood of nerly 
Klau^htcred sheep ; niid it u< asserted that this bird, origmally bo 
hiirmless has actually )>ecome a serious foe to the flocks of New 
Zealand by its cunstimtly increasing love for the blood of sheep, 
for it even pecks and sips tlie most minute wounds on a living 
Hhcep, and so sets up an irritation which not unfrequently leads 
to the death of the animitl. Dr. Fhilippi, the best known 




zoologist of the University of Santiago in Chili, has recently com- 
municated a still more remarkable case. Two horses on the 
estate of a. certain Mr. Nicholas Paiilsen, according to him, had 
for weeks indulged in the bad habit of eating every day some 
of the young pigeons and chickens in the poultiy-yard. 

In the Zoological Institute of WUrzburg, I have kept for six 
years a pair of fully grown and perfectly tame prairie dogs. The 
male, to which I gave the old-fashioned German name of Hans, 
differs entii-ely in his tastes from the female, Gret«I. She, in every 
respect an oraament to her sex, always gentle, unassuming, and 
aflectionate, but veiy timid too, prefers a vegetable diet— fresh 
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plants, bread, nuts, com, <fec. — although she sometimes does not 
disdain meat and liver. Hans, on the contrary, bold, eager, and 
suspicious, a true tyrant withal over his wife, is passionately fond 
of everything he can get in the way of animal food. Formerly, 
when aquaria stood in the room in which Hans and Gretel lived, 
he often tried to catch fish or crustaceans, which he devoured 
eagerly ; fat, liver or meat, eggs or frogs, ant's eggs or insects — in 
short, every kind of animal food — is acceptable to him, and he laps 
the blood of freshly slain beasts with the utmost satisfaction. It 
is evident that Hans first became accustomed in my laboratory 
to most of these articles of diet. In itself the matter certainly 
is not so very surprising, since most — or very many — rodents 
are polyphagous, or even omnivorous animals ; but it is rendered 
interesting by the fact that the female has by no means accus- 
tomed herself to an animal diet in the same way as the male. 
This brings me to an observation which, in the course of my 
travels, I once had occasion to make very much against my will. 
The Egyptian crocodile — Crocodilus hiporcatus — is, as we 
know, very widely distributed, and it lives in great numbers in 
the rivers and on the sea-shore of the Philippine Islands. In 
Egjrpt this creature is considered extremely dangerous, and is 
said to have a particular predilection for human flesh. When 
I was travelling in the Philippine Islands I was often told 
by the natives that they distinguished two sorts of crocodiles, of 
which one ate men in preference to other food, while the other 
did not ; several of the former were said to be well known to the 
natives, and in Cagayan in Luzon, where I saw the skeleton — 
quite 22 feet long — of a crocodile caught not long before, I was 
assured that a gigantic anthropophagous crocodile lived in the 
river and could not be caught, and had for years been known 
to the natives by a particular nickname. I was much inclined 
to doubt this story till I went through a little adventure which 
made it seem to me certainly by no means improbable. On 
one of my excursions in the north-east of Luzon we (my servant 
Antonio and I) had crossed a wide but shallow river early in 
the morning in a canoe ; when we returned in the evening the 
canoe had disappeared, and not a living soul was to be seen any- 
where. After long waiting in vain we decided on walking 
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through the stream. I, in order to preserve my watch and other 
instruments from a wetting, seated myself astride on Antonio's 
shoulders. When we were about halfway across, where the 
water reached nearly to my bearer's neck, a man appeared on the 
shore. Seeing him I shouted out, half in jest, * Are there any 
crocodiles in the river here 1 ' My feelings may be imagined 
when I received the answer, * Oh, yes ; there are plenty of croco- 
diles in the water, but they will not eat men.' Everyone will 
be reminded by this story of the many similar ones of sharks, 
alligators, and other animals, which all cimcur in proving that 
these creatures exhibit the most remarkable preferences in the 
choice of their food, and that even individuals of the same species 
differ widely. 

It will be unnecessary to adduce any further examples or 
even to investigate the credibility of these current stories 
regarding crocodiles; for, even without these, the instances 
given above suifice to show that polyphagous or monophagous 
habits are not immutable characters, but that, on the contrary, 
almost every species is able more or less to vary the nature 
of its food. Hence the dependence of an animal on its 
nutrition is not absolute, and consequently the selective 
influence of the nutrition is, as we see, in some degree 
limited by the animal's capability for accommodating itself, 
with very various results, to a diet hitherto unknown to it. 
The selective influence must, at any rate, remain tolerably 
great, particularly on monophagous creatures ; and it is more 
than probable that a sudden and rapid change of nutrition, such 
as may sometimes be forced upon animals by external circum- 
stances, will inevitably lead to the equally rapid death of most 
species. ^^ 

Now, if we suppose that such a sudden change of nutrition 
actually were imperative on several species at once — such, for 
instance, as always occurs in the migration of many marine 
creatures, and of all parasites — some species must perish, because 
they would not be capable of living on the unaccustomed food ; 
others might survive because they were omnivorous or because, 
even though monophagous, they were able to adapt their 
functions promptly to the new conditions of life. In the latter 
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case the structure of the animal and of its organs might remain 
unaltered in spite of the alteration in the nutrition, as, for 
instance, seems to have been the case with the Coypu, those of 
the Chonos islands not differing in any way, so far as we know, 
from their congeners on the mainland. But, finally, this 
change in the food might have altered the structure of some 
organs, particularly of those most directly interested, so far as 
to make these changes conspicuous ; and a direct modifying 
influence exercised by the conditions of existence afforded by 
the food would be thereby proved. 

The direct modifyiiig influence of food. — It is universally 
known, and has never been denied, that the amount of food 
exerts a very decided influence in determining the growth of 
the individual and of its organs, as well as on its whole size ; 
but this has often been tendered ais a means of explanation in 
certain cases which have not been submitted to careful investiga- 
tion. It can never, of course, be disputed that an animal must 
take up the optimum of daily nutrition, which constantly varies 
with its advancing age, in order to attain its normal size ; we 
might even declare our opinion that very many living or 
extinct animals might have grown to a size far beyond that 
which they have in fact attained, if they had had more abundant 
supplies of food at their disposal ; but it would be in the 
highest degree illogical to assume, on the contrary, without 
any experimental proof — as is unfortunately almost universally 
done — that the small size of any particular animal in any 
particular locality is invariably induced by a deficiency in the 
food attainable there, where the optimum is seldom or never 
attained. In these cases, as in all others, in consequence of the 
extreme complication of the animal body and of its functions, 
the same effect may be produced in many diffei'ent ways. 

But the amount of food attainable affects not merely the 
size of the animal, but also determines, and even modifies, 
certain vital functions. It is self-evident that an optimum 
of nutrition can alone insure the normal functions of all the 
organs ; if it does not attain the optimum, the functional activity 
of all the organs is impaired ; modifications at the same time 
occur in their structure, i.e. the animals grow leaner, become 
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incapable of exercising their sexual functions, &c. In this 
respect the most interesting examples are those of the influence 
of deficient nutrition on the larva forms or on the conditions of 
development. Unfortunately next to nothing reliable is known 
on this subject, and it is much to be wished that the various 
observations that have been accidentally made and interpreted 
* to taste ' should be made the starting-point for actual experi- 
mental investigations on this question. I will here mention 
a few of what seem to be the most trustwoHhy of these. Mr. 
T. Grentry, of Philadelphia, has shown that the larvae of a moth 
— Acronycta sp. — entirely lose the habit of spinning a cocoon 
before assuming the pupa state when their food is insufficient, 
and that both the pupae and moths are then smaller. The 
observations independently made on the Hydroid Polyps by 
Hincks, Allman, and Schneider are highly interesting. Ac- 
cording to these, in the first place a Medusa of the group of 
the Hydroida can be induced by lack of nourishment to assume 
the polyp-form, i.e, the larva form of the species. Secondly, 
the hydroids of the higher Discoid Medusae — as Medusa chrysaora 
and others — produce much fewer Medusae in confinement than 
in the open sea ; and this has been accounted for, somewhat 
hastily, by the assumption that deficiency of food is the cause. 
Experimental proof of the accuracy of this hyi^othesis has not, 
however, been adduced. 

The quality of the food, next to the quantity, exerts a direct 
modifying influence which in many cases exhibits itself in the 
organs most nearly interested — those, namely, of digestion — 
though others may become subject to it. More rai'ely the whole 
size attained by the animal may be conspicuously aflected by 
it. But we possess only a few trustworthy observations on this 
point, interesting as it is, and still fewer available physiological 
experiments, though such are indispensable. The lack of 
materials on this subject renders it necessary to discuss it briefly 
here. 

In the first instance the statements of Wallace and others 
as to the influence of food on coloration must be mentioned, since 
Seidlitz in his various works attributes great importance to 
them, although, as it seems to me, he assumes something to be 
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proved which, fundamentally considered, is not so. Wallace, for 
instance, relates that a Brazilian parrot — Ghrysotis f estiva — can 
be made to change the green in its feathers to yellow or red 
if it is fed on the fat of certain fishes allied to the shad— a method 
largely adopted by the Indians. The same traveller further 
asserts that the splendid Indian bird, Lori lUjah, is said to 
preserve its gorgeous colouring by a peculiar mode of feeding. 
The bullfinch is said to turn black when fed on hemp-seeds ; 
recently a splendid orange-coloured variety of the canary has 
been introduced into commerce, and it is said it is produced by 
feeding ordinary specimens of the bird on Spanish pepper. The 
statement is well known that butterflies, and more particularly 
species of the genus Euprepia, assume an abnormal colouring 
when the caterpillars are fed on leaves which they are not 
accustomed to ; thus Eiiprepia caja becomes quite brown when 
the larvae are fed entirely on walnut- leaves. This assertion, 
however, has been frequently contradicted, and no systematic 
and experimental investigations, as directed expressly to this end, 
have ever been made to my knowledge, for the independent 
experiments in feeding made accidentally or by a happy chance by 
different entomologists cannot in fact be regarded as physiologi- 
cal experiments. Still less can the statements made by travellers, 
as by Wallace, count as such, since they rest entirely on hearsay 
from wild Indians, and not on the results of their own investi- 
gations. Of course I am far from asserting that no such direct 
modifying influence of food on the colour of animals exists, or 
that it is improbable ; I only would point out that up to the 
present time we know nothing exact on this point, and that 
nothing is actually proved beyond the possibility or probability 
of such an influence affecting the skin-pigment of various 
animals. As to the nature of this chemico-physiological process, 
which is what is truly worth knowing in the matter, so far as 
I know, not even a hypothetical view has as yet been ex- 
pressed. 

A few experiments are better established which prove that 
certain structural relations may be entirely changed by the 
direct influence of food. The English anatomist Hunter pur- 
posely fed a sea-gull — Larua triddctylua — for a whole year on 
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grain, and he thus succeeded in so completely hardening the 
inner coat of the bird's stomach, which is naturally soft and 
adapted to a fish diet, that in appearance and structure it pre- 
cisely resembled the hard homy skin of the gizzard of a pigeon. 
Dr. Edmonstone assures us that this experiment is annually 
repeated by nature ; that the herring-gull — Larus tridactylua — 
of the Shetland Islands twice every year changes the structnre 
of its stomach, according to its food, which consists during 
the summer of gi'ain, and during the winter of fish. This 
gull then has, in fact, during the summer the stomach of a 
grain-eater, and during the winter that of a carnivorous bird of 
prey. The same naturalist observed a similar transformation 
in the structure of the stomach in the raven, and M6n6tri^ 
makes a similar statement with regard to an owl — Strix 
graUaria, 

These experiments suffice to prove that the stomach of a 
carnivorous bird (an owl, a gull, and a raven) can be trans- 
formed to that of a grain-eater if supplied for a sufficiently long 
period with the food requisite for this result. The question then 
obviously suggests itself whether the converse is equally ti*ue, 
i.e., whether the gizzard of a true grain-eating bird can be 
transformed into the soft-skinned stomach of a carnivorous 
bird. The experiments of Dr. Holmgren in fact prove that in 
pigeons which are fed on meat for a sufficiently long period, the 
gizzard is gradually transformed into a carnivorous stomach.^* 

I have not been able to collect a larger number of really 
credible or experimentally proved data, and I believe that I 
cannot have overlooked many really important and available 
communications. I except, of counse, the cases briefly given in 
Note 15 of the influence of nutrition on sexual maturity and 
on the secondary sexual characters of domestic animals, since 
we are not justified in directly applying the results derived 
from the artificially bred races of domestic animals to all others 
living wild. Meagre as is the list here given, it amply suffices 
to prove that changes in nutrition are able to exert even a direct 
influence on many structural relations of organs, although it 
must be admitted that we know nothing— absolutely nothing — 
of the limits of the variations called forth by this direct influence 
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of a certain diet. The variations in the structure of the stomach 
of birds experimentally proved by Hunter, Edmonstone, and 
Holmgren, have only a superficial importance, since we do not 
know whether modifications of other parts were connected with 
them or might subsequently have originated from them. If 
now we reflect that, in spite of the great general interest of the 
experiments of Hunter and Holmgren, not the smallest additional 
fact has been established experimentally since their time either 
by modem zoology or, on the other hand, by organic physio- 
logy — no one having investigated the subject — it may be 
regarded as a not improbable opinion that experiments purposely 
carried out on a large number of animals, as widely different as 
possible, would offer a much greater mass of results than are at 
present at our disposal. Moreover, it is not impossible that 
change of food may lead to more fundamental modifications 
in other animals than those in the stomachs of the pigeon and 
herring-gull, since we know that different species react in 
very various ways under identical influences. The above- 
mentioned cases of the variations in external colouring pro- 
duced by food in birds and butterflies sufficiently prove this ; 
for there is a large number of animals in which a change of 
food has no influence whatever on the skin-pigment. 

The conclusion of the investigation conducted in this chapter 
is not very satisfactory : we have seen that with respect to the 
direct modifying effects of food everything in fact lemains to 
be done. However, the few well-ascertained cases suffice to 
prove that the smallness of our stock of positive knowledge on 
the subject is probably due only to the fact that no systematically 
pursued investigations have been carried out.^^ This may, it is 
true, be excused on the score that zoologists — on whom this 
task would principally devolve, owing to the position taken up 
by physiologists — have been prevented fulfilling it partly by 
the direction which the development of their science has taken, 
but above all by the absolute insufficiency of their institutes 
and laboratories. 
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CHAPTER III. 

THE INFLUENCE OP LIGHT, 

It has been poetically said that the plants and trees of our time 
are the incorporate sunbeams of to-day, and that coal contains 
the sunshine of long past epochs, divided from the present by 
millions of years ; and the saying is to a great extent true, as 
everyone knows, for the greater proportion of vegetable organ- 
isms depend entirely for life and growth on the direct influence 
of light. It is equally well known that animals are to a certain 
extent independent of this influence. At the same time even 
they are open to it, and the question might even be suggested : 
Whether animals are not in fact at least as dependent as 
plants on the direct influence of li*,^ht, even though the nature 
of their relations may be altogether diffei'ent 1 In discussing 
this point we will distinguish between the heat-giving rajrs and 
the light-giving rays, even when these are in the most intimate 
combination; and we are justified in doing this, since we know 
that these two modes of motion act upon living organisms in 
diflferent and often antagonistic ways. 

The difference between animals and p'ants. — If we except 
the lowest organisms, the relations between light and the organ- 
ism S3em to be maintained by two very dissimilar organic 
structures —by the eye in the animal, and by the chlorophyll 
bodies in plants. These, nevertheless, have been occasionally 
compared. ^^ Each organ would seem to preclude the other. 
It is true we know of some highly organised animals tbat have 
no eyes, and true plants which are devoid of chlorophyll ; but 
plants never have eyes at all, and such animals contain no 
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chlorophyll ; thus in these exceptional cases the influence of 
light appears to be almost or entirely excluded. We venture 
to assert that this contrast holds good in by far the larger 
number of animals and plants, and it is quite certain that 
true eyes are never found in plants, while it still remains doubt- 
ful whether chlorophyll does actually occur, as has often been 
asserted, even in the lowest animals. Theoretically its existence 
in animals is certainly not impossible; and this theoretical 
possibility has perhaps given rise to the assertion. The wide 
interest which attaches to this assumption may justify us in 
digressing here into a somewhat closer discussion of the data 
relating to the matter. 

The chlorophyll bodies of plants are, as is well known, 
microscopic and elementary bodies of peculiar structure and of 
definite function ; their principal property is that they decom- 
pose carbonic acid under the influence of light, and form organic 
compounds by the combination of three or four elements. 
This true chlorophyll has, besides, properties which allow the 
botanist to distinguish, when necessary, whether the green 
colour of a newly discovered plant is actually caused by the 
presence of chlorophyll, without any need of previously investi- 
gating whether the green particles decompose and assimilate 
carbonic acid. Among these properties are certain absorption- 
bands in the spectrum of solutions of chlorophyll, its direct 
dependence on the presence or absence of light, its reaction, 
under certain chemical agents, and its peculiar microscopic 
structure. In most cases it is sufficient for the botanist to have 
detected any one of these features when the case in point is to 
prove whether the green colour of a plant depends on chloro- 
phyll. Besides thi-;, so far as I know, no exception worth 
mentioning has hitherto been admitted to the rule, that the 
green colour of all plants is occasioned not by any true pigment, 
but by the presence of chlorophyll. In animals, however, the 
case is quite different. We know that most animals are 
absolutely incapable of decomposing carbonic acid ; but they 
are, nevertheless, frequently of a green colour. In by far the 
greater number of cases this green colour is undoubtedly due 
not to chlorophyll, but to a true pigment. Hence we cannot 
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without fui-tlior pi*(K)f assert the presence of chlorophyll in an j 
nniuml, even if we could prove the animal's direct dependence 
on liirht, or the similarity of the spectrum of the solution of the 
green pigment with that of chlorophyll, or even a possible 
agreement in the microscopic structure. Positive proof of its 
existence can ]>e ilerived only by evidence of the presence of all 
the chai-actcristic propei-ties of true chlorophyll in the green 
colouring matter of the animal. And it may at once be said 
that the di'com position of carl>onic acid by green-coloured 
animals has never been proved by exact experiment.* 






Fio. 17.— Animals in which chlorophyll grains liavc been detected, a, StentorrirUtsl 
b, Euglena viridis ; c, Vortex viridis. The first two are lufusoiia, the last is a Tor* 
bcllarian. 

The animals (fig. 17) in which it has been asserted Hiat 
chlorophyll is present, belong exclusively to the Invertebrata, 
Among the Protozoa the following are the best known ; Euglena, 
Stentor, many Eadiolaria and Spongilla ; the green fresh-water 
polyp Hydi-a among the Coelenterata, and a few Tui-bellaria 
among the worms. *^ 

The arguments for the statement that the green colour 
of these creatures is actually due to chlorophyll are many and 

♦ Such a decomposition has been recently proved by the experi- 
ments of Mr. Patrick Geddes on the green Turbellarian worm, Qmrih 
luta Sckultzii. — (Trajsb.) 
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various. Mr. Sorby has shown that the green variety, or 
species, of our common fresh-water sponge (SpongUla fluviatUia) 
owes its colQur to minute particles of colouring matter which 
seemed to be identical with chlorophyll, for he proved that their 
spectra were identical. The same method was followed by Mr. 
Ray Lankester, who, with regard to Spongilla, came, it is true, to 
a conclusion different from that of Mr. Sorby, but, on the other 
hand, recognised the presence of chlorophyll in Hydra viridis. 
The much-lamented Max Sigismund SchuUze, to whom we owe 
the earliest accurate observations on animal chlorophyll, endea- 
voured to prove its identity with vegetable chlorophyll by com- 
paring the chemical reactions of various solutions of each, as 
well as by observing that Vortex viridis loses its colour in the 
dark, and that the animal, exactly like plants, always seeks 
the lightest side of the aquarium. But the decomposition of 
carbonic acid by animal chlorophyll has never been demon- 
strated, althgugh Sorby himself has pointed out that it would 
be very interesting to know whether such a process does 
actually take place in animals that contain chlorophyll ; for if 
the decomposition of carbonic acid could be ascei'tained in 
these low forms of animals it would prove that they are able to 
elaborate and assimilate organic matters in the same way as 
plants, though they also, like all other animals, require ready 
elaborated organic nourishment, or they cannot thrive. But 
this would be a fact of very far-reaching significance, exhibiting 
a certain affinity to the instances known to us of carnivorous 
or insect- eating plants (Drosera, Dionsea, and others). 

At the same time it must be pointed out, on the other hand, 
that — granting unconditionally that the pigment of the animals 
that appear to contain chlorophyll is truly of the nature of 
chlorophyll —its presence in animals may be explained in two 
different ways. In the first place, if the chlorophyll bodies of a 
Stentor, for instance, were really elements of the animal tissue, 
elaborated from its protoplasm by the direct influence of light, 
then — but only then — might we say that there were actually 
animals which assimilate in the same way as plants. But, in 
the second place, it might be possible that the green constituents 
were not integral elements of the animal, but foreign bodies 
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living within it — commensals or * messmates/ as they are called. 
Kleinenberg's observations on Hydra viridis are decidedly 
favourable to the former of these views ; Schiilze*s statements 
as to Vortex vlridis are equally positive in favour of the 
second. For he expressly declares that the chlorophyll bodies 
of this worm are true cells, unlike those of plants ; that they 
divide and multiply spontaneously, which the chlorophyll 
bodies do not ; and iSnally that they are in some individuals 
wholly wanting. The importance of these arguments is increased 
by other facts. It is known that most of the Eadiolaria in- 
variably bear in their body certain peculiar particles known as 

a 
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Fig. IS. —Colhzmtminerme (Haeckel), a Radiolarian forming colonies, a, a colony; 6, 
a solitary individual, or, more correctly, the internal vesicle of one (the shaded bodies 
are globules of fat, the outer spots indicate the numerous yellow cells). 

the yellow cells (fig. 18), in which a few starch-grains are always 
present. These yellow or sometimes green cells occur in many 
fresh-water Kadiolarians which have lately been often made the 
subject of minute investigations. From these, above all from 
the very careful labours of Cienkowsky, it has recently been 
proved that these yellow cells in the Badiolarians are in fact 
nothing more than one-celled Algae living as messmates with 
the animal in the same sort of community as certain Fungi and 
Algae which, as is well known, combine to form the apparently 
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simple vegetables known as Lichens, which, however, are still 
generally classed as a distinct group of plants. It may at 
finst sight seem somewhat bold to assume that living plants, 
even of the eimpleat conceivable structure, could constantly, 
or almost constantly, be so associated with an animal as to 
seem one of its histological elements. But this hypothesis 
assumes a high degree of probability when we remember that 
□umeroiia parasites occur with unfailing r^nlarity in certain 
organs of every individual, or nearly every individual, of a 




Fio. 19.— Longitirfii 



species — for instance, the lal■va^ of certain Nematodea in the foot 
of the common snail ; when, moreover, we take into considera- 
tion that different animals, more |>articularly Sponges and 
Polyps, frequently take up dead or living foreign bodies and 
utilise them as normal elements of the tissues (fig. 19). 

Of course no decisive answer can be ari'ived at by this 
method, and only expeiiment can tind one. But it seemed to me 
to be advisable to state both these possible solutions, and to 
imDg forward tho6« facta which may perhaps soon require us, if 
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we find true chlorophyll in animal tissues, to recognise in its 
presence a singular and interesting case either of parasitism or 
of the community of two organisms so difierent as an animal 
with true tissues and organs, and a one-celled plant. *^ 

The general relations between light and the vital activity 
of animals. — By far the larger number of animals are conscious 
of light by means of the eye only. This was directly proved 
by the interesting experiments of Lister and Pouchet, which will 
be more fully described further on. The commonest effects of. 
light, of its different degrees of intensity, and of its total absence 
are familiar to all. They are exhibited every day in regular 
succession in every animal that lives ; darkness induces sleep in 
diurnal animals, and with this are connected certain other 
effects on some of the organs and their functions ; for instance, 
the amount of carbonic acid exhaled by the Mammalia during 
sleep is different from that exhaled when they are awake. 
These proportions, however, are of no particular interest in this 
place. What is far more important is the observed and well- 
ascertained fact that all active diurnal creatures fall asleep 
promptly daring an eclipse of the sun ; the darkness deceives 
them as to the hour, and so interrupts the periodicity of their 
vital activity. But all animals do not react in the same way 
under the alternation of light and darkness ; while some — the 
diurnal animals — go to rest at the approach of night, others, 
nocturnal animals, then rouse up, and we might be tempted by 
this to divide them into day and night animals. But such 
a division has merely a biological value, for we know that 
it is in no way co -extensive with the conditions of affinity in 
animals. We are acquainted with diurnal and nocturnal species 
among the Mammalia as well as among Birds; some Butterflies, 
Beetles, and other Insects are nocturnal, though the greater 
number fly by day ; nay, even within the limits of quite small 
families or even genera, there are some species which are lively 
by day and others by night. To give one example only : every 
entomologist knows that night-flying Lepidoptera, nocturnal' 
as to their affinities and structure, as, for instance, the Sesice or 
Aglia Tau and others, rest by night and fly gaily about by day 
to seek food or to seize the female. The causes of these 
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diiferences in the mode of life of related forms are entirely 
unknown, and at the present time it seems impossible even to 
suggest any hypothesis which would refer such changes in their 
mode of existence to any sufficient causes. 

By far the larger proportion of nocturnal animals, although 
they are quite lively even in the darkest night, have eyes 
quite as good and perfect as those of the diurnal animals. 
Although, as a fact, here and there — as, for instance, in nocturnal 
birds — certain diiferences have been observed in the structure 
of the retina (M. S. Schultze) which might be hypothetically 
connected with its exceptional functions or with the exceptional 
time at which they are exercised, yet these investigations 
supply us with no answer, not even a hypothetical one, to the 
question as to why certain animals, provided with organs of 
sight, fly exclusively by night. If we remember that even in 
the darkest night a certain amount of light always reaches the 
earth, we might certainly propound the hypothesis that this 
minute proportion of light suffices them for seeing clearly by. 
But this hypothesis would give no true explanation of the 
observed facts ; this could only be given if it were possible to 
compare the differences in the structure in the retina of 
diurnal and noctui*al animals with direct reference to the scale 
of intensity of light to which they are exposed. A circum- 
stance which is more important, because it is directly referable 
to certain vital relations of animals, is the occurrence of half- 
blind or wholly blind animals in spots where the light of day 
cannot penetrate, such as deep caverns, the internal parts of 
larger animals, and the deepest parts of the ocean or of large 
fresh-water lakes. The blind crayfish of the mammoth cave 
in Kentucky is well known, as are also the blind Fishes, 
Insects, Crabs, Amphibia, and Mammals (moles) of the old and 
new worlds, and it seems unnecessary to give a complete list of 
such cases in my text. *^ These familiar facts have hitherto been, 
and must still be, regarded as so many instances, sufficiently 
proving the statement that total darkness gradually destroys 
the eyes of animals originally possessing them ; for, since these 
organs are absolutely useless in such circumstances, in the 
course of generations they must gradually disappear, according 
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to the law of degeneration, in consequence of their disuse. This 
explanation, it is obvious, presupposes that such blind animals 
are descended from a parent form that could 
see; and it cannot he denied that many of the 
fiicts hitherto ascertained seem to justify this 
view. Some of the so-called blind animals aie 
not, accurately speaking, sightless; thus the 
' blind Proteus (fig. 20, re), an. Amphibian of 
the caves of Camiola, has an eye deeply 
seated in the head and entiiely covered by the 
skin. The structure of this organ is very re- 
markable ; it possesses all the characteristic 
parts of the eye, but they have been arrested at 
an almost embryonic stage, with the exception 
of the ciystalline lens, of which every trace ia 
absent (fig. 20, 6); the pigment-layer of the 
retina is scarcely coherent, and consists of only 
b 
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but certain observations, which I have made on a family of 
Proteiis that I have kept for four years, incontroverbibly prove 
that this creature is highly sensitive to diffused daylight. As 
this contains no heat-rays, the eye of the Proteus can receive 
no impression but that of light. Now it is impossible to 
suppose that the eyes are now lirst developing in an originally 
blind Amphibian which, like the Proteus, lives in total dark- 
ness; for even if such an organ could originate under such 
circumstances it could never become permanent in the struggle 
for existence, because it could never be of any real use in that 
struggle. The contrary hypothesis, on the other hand, that 
the rudimentary eyes of the Proteus are a degenerate form of 
the more highly developed eyes of its progenitors, seems per- 
fectly natural when we remember that all the other amphi- 
bians have highly developed eyes, and that these, when they 
come to the light from time to time, use them to very good 
purpose. 

The Mole offers another familiar and even better example. 
This animal, whose peculiar habits are known to everyone, 
has true eyes, from which none of the essential parts of the 
eyes of the Vertebrata are absent, although these parts are all 
of the simplest, almost of embryonic structure. The whole eye is 
very small, deeply imbedded in muscles, and quite covered by the 
skin, so that it is quite invisible externally. The lens consists 
of a Tery smaU number of minute and little altered embryonic 
cells ; the retina, in the same way, is much simpler than in the 
eyes of other Vertebrata. True degeneration, then, such as makes 
the eye incapable of seeing, has not taken place ; nevertheless 
the eye of the mole is reduced to almost total inefficiency even 
when by chance it has an opportunity for using it. This almost 
total blindness in the mole is the result solely of complete de- 
generation of the optic nerve, so that the images which are 
probably formed in the eye itself can never be transmitted to 
the animal's consciousness. Occasionally, however, the mole 
even can see a little, for it has been found that both optic 
nerves are not always degenerate in the same individual, so 
that one eye may remain in communication with the brain 
while the other has no connection with it. In the embryo of the 
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niolo, however, and without exception, both eye3 are originally 
connectod with the brain by well-developed optic nerves, and 
80 theoretically efficient. This may indeed be regarded as a 
perfectly conclusive proof that the blind mole is descended from 
progenitors that could see ; it would seem, too, to prove that 
the blindness of the fully grown animal is the result not of 
inheritance, but of the directly injuiious effects of darkness on 
the optic nerve in each individual. 



a 





Fia. 21.— tf, Pinnotheres Holothurice of the natural size ; 6, degenerate water-lunsi, nVSt^ 
the distended portion, c, in whicli a small Pinnotheres is established. 

To these examples I will add one more which I myself have 
studied. There is a peculiar family among the crabs, the Pinno- 
theridse, of which various species live in the branchial cavities 
of many MoUusca ; some live in Serpulse, and others (fig. 21) 
which I have found off the Philippine Islands live in the water- 
lungs, as they have been called, of Holothurians. These are 
elongated branched tubes in direct communication with the 
terminal intestine or cloaca, so that pai*asites can enter them 
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only by the amis ; but ■when the young larvfe of the Cruataceana 
have once found their way in — which is not difficult by reason of 
the strong and rhythmical indi-anght of water through the cloaca 
— they never seem to quit the "iitu ition of their own choice ; at 
the same time they greatlj initate the organ and as they grow 
they stop up the tubular vessel more and more till at last 
serious degeneration of the organ n induced (fig. 21, 6). The 
main trunk is greatly distended while the lateral branches, 
which usually form a highly ramihed structure, dwindle alto- 
gether, and are ■visible only as thin filament', sometimes feebly 
branched. The young larvie now produced are excluded, 'and 
become wandering bodie** in obedience to the law which 




governs all Ento-parasites ; this they do under the form 
of the larva, or Zoea (fig. 22), which is common to all crabs, 
and they have the well-developed eyes of the typical character. 
Even when they enter the animal, they still preserve these eyes ; 
but as they grow they gradually become blind or half-blind, the 
brow grows forward over the eyes, and finally covers them so 
completely that, in the oldest individuals, not the slightest 
trace of them, or of the pigment, is to be seen through the 
thick skin ; while at the same time the eyes seem to undergo a 
more or less extensive retrogressive metamorphosis. 

The instances here adduced show very clearly that the 
abeenca of light sometimes occasions degeneration from disuse^ 
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and that this occurs to each individual separately within the 
period of its separate life. These, however, as every zoologist 
knows, are not the only cases. Most of the blind Parasitical 
Crustacea now extant have larvae with well-developed eyes ; the 
young form of many worms, Parasites on Mollusca, &c. 
(Trematodd), can see, though the adult individuals are blind. 
In the greater number of these cases — as, for instance, in all 
internal parasites — we must refer the loss of sight to the same 
above-mentioned cause, namely, disuse of the organ. 

But though we are thus fully justified in saying that dark- 
ness so complete as not to allow of tho eyes being used at all 
has in most cases exercised an injurious effect on their existence 
and sti-ucture, it would nevertheless be wholly false to assume 
that the lack of light must necessarily lead to total or partial 
blindness. We know of a number of facts directly opposed to 
such a conclusion. Among the numerous cave-insects there 
are many which have well- developed eyes, and yet inhabit the 
same spot as blind species. In some caves in the Philippines 
and the Pelew Islands which I myself explored, I found, in 
spots where the most absolute and total darkness reigned, only 
insects with eyes ; Hadenoecus, a species of grasshopper which 
lives in the caves of Kentucky, has well -developed eyes like 
other animals found there at the same time.^® Why should 
not darkness have had the same eiSect on these a.m'mals as 
on others which have in fact become blind? It might be 
said — ^in fact it has been said — that the cave-animals which 
can see have migrated into the cave only within a short period, 
and have not been exposed to the influence of the darkness 
long enough to sufier ; while the blind or half-blind, having 
entered the caves at a remote period, have lost the use of their 
eyes, wholly or partially, in consequence of long desuetude. 
But this explanation contradicts the fact previously mentioned, 
that every mole. Pinnotheres, &c., originally had eyes apparently 
capable of further development, and of perfectly fulfilling their 
normal function ; and that the influence of darkness is proved 
to be direct in each individual, and not hereditary. This ex- 
planation is also quite decisively contradicted by a fact which is 
little known generally, and even among zoologists is familiar 
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to none but entomologists. I owe my own knowledge of 
it to my friend Dr. Hagen of Cambridge, U.S. In all the 
species of the cave beetle, Machcerites, the females only are 
blind, while the males have well-developed eyes ; in spite of 
this they both live together in absolute darkness. This proves 
that the same result — total blindness — may come from dif- 
ferent causes ; for we may fairly regard it as impossible that 
in the last-named case the darkness of the cave has affected 
the females alone, and been ineffective on the males ; hence the 




Fig. 23.— -Blind C^-mothoe In fresh water (smnll pools) at Pelelew, Pclew Islands, 

About ten diameters. 

blindness of the former cannot be caused by the darkness. In 
confirmation of this statement I may also adduce the fact that 
there are many blind or half-blind animals which live in well- 
illuminated situations, where the moderate intensity of the light 
would allow them the full use of eyes ; this is the case, for 
instance, with many Bivalves — all fresh- water bivalves and 
many sea bivalves — with various Annelida {Choitog aster), Crus- 
tacea {Cydopidce), and others. I myself have found a perfectly 
blind small species of Cymothoe (fig. 23) living in slightly 
brackish water in a basin overshadowed by limestone rock, but 
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ill spots where full daylight could penetrate. Thus we find 
ourselves driven, by the facts here adduced and numberless 
others, to this question : What are the various causes which can, 
or must, first occasion eyes to be developed, or conduce to their 
preservation or destruction? A precise answer to this ques- 
tion, unfortunately, is impossible in the absence of all experi- 
mental data ; but we, as zoologists, may allege the difficulty — 
indeed, the impossibility — of such experiments, as a sufi5.cient 
excuse for their never having been hitherto carried out. 

In cases like this, where we are not in a position to treat a 
physiological question experimentally, we must be allowed to 
construct a hypothetical explanation of the observed phenomena. 
I therefore consider myself justified in mentioning a very preg- 
nant hypothesis, which was put forward some little time since 
to account for the presence of animals that can see in the deepest 
parts of the ocean, where positively not a ray of light can pene- 
trate from above. 

It is not very long since it was universally believed, in 
accordance with the too rapidly drawn inferences of Edward 
Forbes, that all animal life ceased on the floor of the ocean at 
the level where rays of light cease to penetrate (at a few hundred 
metres). But it is now well known that even highly developed 
animals live at the enormous depth of from two to three thou- 
sand fathoms in both the Pacific and Atlantic Oceans. We 
have become acquainted, principally through the incessant 
labours of Euglish, American, and Norwegian naturalists, with 
a wonderful deep-sea fauna, showing the same striking mixture 
of blind and seeing animals as the fauna of the caverns.^* This 
case is all the more ])uzzling, because the chief part of such 
deep-sea animals as can see are extraordinarily unlike their 
nearest congeners living at the surface and in the light, so that 
we are forbidden to suppose that they may be species that have 
only lately migrated from the surface to great depths ; indeed, 
it admits of scarcely a doubt that the deep-sea animals that can 
see are very ancient forms, the survivors of past geological 
periods. MacCulloch and Dr. Coldstream suggested a pleasing 
hypothesis in explanation of these striking facts, which was 
afterwards taken up and extended by the naturalists of the 
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* Porcupine' expedition (1869-70). This hypothesis, which is 
known as the Theory of Abyssal Light, consists essentially in the 
idea that the light diffused by phosphorescent creatures is 
capable of taking the place of sunlight in those depths which 
the rays of the sun cannot penetrate. It is evident that the 
correctness of this idea cannot possibly be experimentally tested 
and proved, but at the same time we cannot but admit that it 
is highly probable. For although it has been argued, as an 
objection to this idea, that phosphorescence is not an exclusive 
peculiarity of deep-sea creatures, but on the contrary, so far as 
we know, occurs more frequently among animals living on the 
suiface, this objection must certainly be considered as anything 
but conclusive. We know from exact experiment in individual 
cases, particularly on glowworms, that phosphorescence is the 
product of a chemico-physiological process in the living body of 
the animal, exactly as carbonic acid is a natural product of 
respiration. What requires us to assume that this ought to 
occur in deep-sea animals only,^^ supposing that theory to be 
accurate 1 The obvious ground of this objection is the tacit 
assumption that, if phosphoric light can really be of use to 
any creature, it must only occur in cases where it could be 
utilised. But this mode of argument ojQfers an example of a 
very common but very gross error : the idea, namely, that the 
effect produced by the function of an organ, or that the function 
itself — in the present instance the production of light in the 
light- organ — can be brought into existence by reason of the 
usefulness of its results, when the uae, in fact, makes its 
appearance at a later period. Phosphorescence, as it is 
developed in the living tissue of animals living at the siuface, 
may perhaps never be of any use to the creatures that possess it, 
nor to the enemies that pursue them. But the same effect of a 
similar chemical process may nevertheless be advantageous to 
other creatures, which, like the deep-sea animals, would other- 
wise be condemned without exception to live in total darkness. 
We are not at present acquainted either with the various che- 
mical processes by which phosphoric light is produced in dif- 
ferent animals, nor with the uses which these processes may 
subserve for the animals themselves ; but we know of some 
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animals, at least among the insects, to whom this light serveB 
as a guide by which to find each other, as in the male and 
female Lampi/ris ; and such a light would undoubtedly be 
equally service-able at the bottom of the sea to all the animals, 
those preying as well as those preyed upon ; for without light, 
escape and pursuit must alike depend wholly on accident, and 
the remarkable fact that the eyes of deep-sea creatures are not 
always and completely abortive would thus be accounted for, as 
far as Ls possible perhaps on the whole. 

One pressing difficulty, however, remains. We know that 
blind animals, as well as those that can see, exist at the bottom 
of the ocean, while their nearest allies at the surface have well- 
developed eyes. Why have the deep-sea species lost their eyes % 
The same question confronted us with regard to the cavern 
animals, and could not be answered even hypothetically. With 
regard to the deep-sea animals — more accurately deep-sea 
fishes — Dr. Gunther, in London, has lately made a remarkable 
attempt to explain the case, and although his views are as yet 
unpublished he has been so amiable as to communicate to me 
their most essential features. lie has found, particnlariy 
among the deep-sea fishes brought back by the 'Challenger' 
expedition, certain very peculiar forms, blind and not-blind; 
the latter have exceptionally largo eyes, which seem espe- 
cLilly fitted to absorb pale phosphoric light in large quantities, 
while the blind fish, on the other hand, are distinguished by 
peculiar and sometimes colossal organs on the head, which have 
quite displaced the eyes, and which exhibit a very singular 
structure, that justifies us, according to Dr. GUnther, in fl^wTmning 
that they are peculiarly and strongly developed phosphorescent 
organs. 23 Now these, in Dr. Giinther's opinion, may very 
possibly be used by their owner, as torches and other lights are 
used by fishermen, to entice and catch other fish. But, just as 
pirates are attracted by the lights of fishermen and gidded to 
their victims, so the light which these blind fish carry in the 
two lanterns on their head to attract their prey may be a 
beacon to their enemies, and at the same time be of assistance 
to such fish as can see, in their movements generally. Thus 
we can well understand that in the struggle for existence, which 
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must of course have been carried on among the various crea- 
tures on the floor of the ocean, every form having small eyes 
or small illuminating organs, being unable to see clearly or 
to give enough light, must soon have been exterminated, while 
none but the mast extremely developed species could hold their 
own in the struggle. Newly introduced varieties must there- 
fore have been able to develope either larger eyes and keener 
vision, or else strongly illuminating organs, in order to escape 
annihilation. This evidently presupposes that the lantern 
fishes of the ocean-depths, being blind, must have other means 
for distinguishing and identifying the prey or the foes that 
approach them ; and this seems in fact to be the case, for from 
their proboscis or muzzle depend long feelers, beards, and the 
like, and at their tips or bulbous ends, organs of touch or of 
smell might easily be situated which could serve such a 
purpose. 

Special instances of the influence of light on animals. 
There are numerous special influences exerciseil by the different 
degrees of intensity of light or by its periodical changes on the 
different functions of the animal organism ; but those only 
interest us which may now be regarded as directly connected with 
the fitness for life of a species under certain external conditions 
of existence. Thus we may entirely leave out of consideration 
the influence, for example, of red light on the formation of 
carbonic acid during respiration, the diflference of the amount of 
carbonic acid exhaled by day and by night, and others ; although 
these processes are of the utmost importance for the life both of 
the organs and of the animals. If we thus dispose of these and 
other similar effects of light, there remain two points which we 
must discuss ; the first being the presence or absence of pigment 
in the skin of the animal and the chromatic /unction, as it is 
termed. 

All animal pigments in the skin were formerly regarded as 
arising from the direct influence of light upon the skin, and, as 
a necessary corollary to this view, it was also asserted that the 
absence of light always prevented the formation of such pig- 
ments, or destroyed that which was already formed. The fact 
that the greater number of cavern animals and almost all 
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c<nt;o-i>[utiaites are quite, or almost quite, white, appears a 
striking proof of the accuracy of this statement. Even as 
lately as 1870 it was asserted by the celebiated French depute 
and physiologist, Paul Bert, that the laivffi of the veil-known 
Axolotl {fig. 24) were incapable of forming pigment when they 
were brought up under the influence of yellow light, and he 
unhappily designated this absence of the epidermal pigment 
as 'etiolation.' This term, as is well known, has a fixed Bigni- 
ficatioQ in the physiology of plants; it is exclusively used to 




ae cases of the absence of the green hue in plants 
which, having grown in the dark, have been checked in the 
formation of the chlorophyll -bodies, which ai-e the organs by 
which they assimilate and ehiborate their nutrition ; at the 
same time, as the light is no longer able to act as a check on 
their excessive growth, the leaves and stems become much 
elongated and acquire a yellowish- white hue, all of which phe- 
nomena can be easily observed in the shoots and leaves of 
potato tubers which have begun to sprout in a cellar. In the 
cases of so-called ' etiolation ' described by Bert as occurring in 
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the larvoe of tbe Axolotl, on the contrary, in the first place, no 
abnormal growth was observed as a result ; secondly, it must 
be strenuously disputed whether animal pigment is in fact 
capable of ' etiolation ; ' for it is certainly not, like chlorophyll 
in plants, an organ capable of decomposing carbonic acid 
under the influence of light. Thus the term was decidedly mis- 
applied by Bert to cases in which the pigment of the skin dis- 
appeared under any influence, whatever it might be ; whether 
yellow light or the total absence of light was primarily the 
cause of the disappearance of the pigment which he mentions, 
is not clearly stated. We know that in plants all true pig- 
ment — not, that is to say, the green of chlorophyll nor the 
brown and red of xanthophyll, but the true yellow, red, and 
blue pigment of flowers — is formed just as well in perfect dark- 
ness as in broad daylight. Tulips, for instance, which are 
made to bloom in the dark, have a singular efiect from the 
contrast between their brilliant colouring and the shapeless out- 
lines and pale yellow hue of their etiolated leaves. This holds 
good with regard to most, if not all, animals ; they preserve 
their colour in spite of the more or less complete absence of 
light, as is proved by the undeveloped young of reptiles and 
butterflies, chicks, &c. ; true deep-sea creatures which live at a 
depth of fi-om 2,000 to 3,000 fathoms often exhibit ^^ coloui's 
quite as brilliant as those of animals living at the surface, and 
it is easily proved by experiment that the larvae of frogs or the 
tadpoles of newts develope their pigment quite as rapidly and 
perfectly whether they are brought up, from the time when 
they leave the e^, in full daylight or in absolute darkness. 
The earliest experiments on this subject with which I am 
acquainted are those of Mr. Higginbottom.^* Although he 
does not expressly declare that pigment is normally developed 
in the dark, it follows from the remarks he makes ; and I can 
myself add the results of investigations pursued during two 
years, by which I have established that in the tadpoles of our 
common toads and frogs the pigment is equally well deireloped 
in yellow, blue, or red light and in absolute darkness. It is 
imnecessary to discuss these experiments in detail, for in every 
ease where the other necessary conditions were at their optimum 
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tho pigment of the skin of the tadpoles was normallj developed 
in every kind of light, as also in tho dark. 

Tiius experiment here confronts experiment. It is not 
dij£cult to find an hypothesis to account for this. In none of 
tho experiments hitherto conducted, not even those of Bert^ 
were the heat-rays or the chemical rays excluded from, the light 
falling on the young animals. It may have happened that in 
the darkness the little larvse were not supplied with supple- 
mentary or even requisite nourishment — in short, it would seem 
that the absence of pigment observed by Bert in the yoang 
Axolotl did not arise from tho absence of light, but from the 
effects of some other cause as yet not ascertained, as insufficient 
or unsuitable food, the sinking or raising of the temperatmre, &o, ; 
or it was perhaps a case of true albinism, and thus a form of 
disease. All \^ho have bred the Mexican Axolotl are well 
aware that sometimes a whito variety — not a true albino— 
suddenly occurs ; but the cause of this variation is at present 
unknown. Thus Professor Kolliker of Wiirzburg reared a 
whole family of thase white Axolotl s, which, with their blood- 
red gills, were very beautiful objects ; while in my own labora- 
tory, where there is a much greater absence of light than in 
Kolliker's, I have as yet entirely failed in breeding even one 
white Axolotl, although during the last six years I have bred 
hundreds of individuals under the most various conditions of 
life. I am wholly unable to assign any plausible explanation 
for this difference, and it is the more striking because the six 
old specimens, from which I have now had at least six or seven 
broods, came originally from the same brood as those from 
which Kolliker has obtained so many white individuals. 
Finally I can but repeat my conviction, founded on these experi- 
ments, first, that we have as yet no suspicion even of the causes 
which sometimes determine the absence of the epidermal pig- 
ment in the Amphibia and other animals (as rats and mice, in 
which these unknown causes even become hereditaay); and 
secondly, that this absence of colour is certainly not to be 
ascribed to th6 absence of light, since we know that animal 
pigment, like v^etable pigment, can be developed in total 
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darkness, and in fact is so developed normally in many 
animals.^* 

In absolute antagonism to the old hypothesis which ascribes 
the origin of the pigment in the skin of animals to the direct 
influence of light, there is another which, under the almost 
supreme influence of Darwin's theories, is now as generally 
accepted as the other was formerly. It is now almost uni- 
versally asserted that the colours of animals have arisen from 
either natural or sexual selection. We will postpone the dis- 
cussion of this view to a future chapter, in which the uses 
accruing to animals from their colours will be considered ; but, 
since it is proved by abundant evidence that at least one par- 
ticular kind of protecting resemblance — i.e. the adaptation of 
the colour of the skin of certain animals to the colours of the 
objects that surround them — depends on the influence of light 
through the medium of the eyes^ it will be convenient to treat 
of it here. Pouchet applied the term * chromatic function ' to 
that adaptation of colour to the surroundings of the creature 
which is indirectly the result of sight, in order to distinguish it 
clearly from other cases in which — so far as we can at present 
tell — the distribution of colour is not influenced by light at all. 

The term * chromatic function ' refers neither to constant 
colouring, even when this causes a protective resemblance, nor 
yet to such variations in colour as are occasioned in Chamca- 
leons and Cuttle-fish by physical initation without any protec- 
tive resemblance being the result. The expression, which is not 
altogether a happy one, is new ; but the fact it designates, that 
such protective changes do occur in many animals, has long been 
known. In the year 1830 Stark made a number of obser vations on 
the subject, on species of the genera Leuciscus, Gasterostetis 
(the fresh- water Stickleback), Cobitis barhatula, and the common 
Perch, Percajluviatilis. All these fishes change colour with 
some rapidity, some in a few hours, others in from two to three 
minutes; and we know now that many splendidly coloured 
sea-fish have the same power, often in a quite extra ordinaiy 
degree, as, for instance, species of Serranus, Shaw seems to 
have been the first to observe, in 1838, that such fish as are 
capable of changing their colour, apparently at will, must be 
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more or less prot€cted against their enemies by the resemblance 
thus caused l)etween the colour of their skin and that of their 
surroundings. Similar observations were made by Agassiz, 
Ayres, and Storer, on the salmon of the United States, while 
European naturalists were the first to experiment on Amphibia 
which exliibit a similar power of assuming a protective hue. 
Finally, Ileincke of Kiel has quite lately published a very 
careful description of the protective changes of colour ^^ in Gchiua 
Ruth'nsparri, which exhibits the most conspicuous variations of 
colour that have as yet l)een described. 

Before entering on the discussion of those experiments by 
Lister and Pouchet on the chromatic function, by which "we 
were first enabled to understand the observations above men- 
tioned, it will be advisable to describe the structure of the skin 




Fig. 25.— Section of a froff's skin, ep, epidermis, includinfir five pigment-cells ; c^ ontlg 
with black star-sliaped, tlecp-soatcKl cells ; a and b, a thick single layer of ydlow jrig- 
meut cells close under the epidermis. 



and the mode of distribution of the pigments in it. One ex- 
ample — the skin of the frog — will suffice for all cases. The skin 
(fig. 25) consists of two distinct portions, the epidermis and 
the cutis. The former (fig. 25, ep) is entirely composed of celLsy 
and the innermost layer contains cylindrical cells ; the cutis is 
chiefly fibrous and encloses nerves, large cavities for glands and 
cell elements. These last are commonly filled with pigment, 
and the remarkable changes of colour in the frog's skin depend 
entirely on the distribution of these highly ramified pigment- 
cells and their power of shrinking under certain kinds of irrita- 
tion. The pigment in thase contractile cells — known as the 
chromatophores — is different in different individuals and in dif- 
ferent parts of the body, yellow, brown, black, sometimes even 
red or green. Besides, the colour of the chrociatophores varies 
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with the state that they happen to he in, and differs during 
contraction and expansion. Heincke, for instance, has sho^wTi 
that in Gohiua RiUhensparri the chromatophores that are yellow 
or greenish yellow when distended become orange-coloured 
when contracted ; while the orange or red ones when shrunk 
become brown or even black. These (so to speak) active 
movements of the chromatophores were observed before by 
Lister, whose careful drawings of the chromatophores of a frog 
have been copie<l in the accompanying woodcut {^g, 26) ; it is 
hardly necessary to remark that the studies of the various 
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Fia. 26.- Cliromatopliores from tlie skin of a frog, copied from Lister, a, wholly con- 
tracted ; b and c, half relaxed : d, wholly relaxed ; e, wholly contracted, a capillary 
vessel ; /, g, h, expanded colom-*celI» or chromatophores. 

stages of contraction were made from the chromatophores of 
living animals, and in fact it is quite easy to repeat these obser- 
vations on the extended web skin of a frog's foot. 

These chromatophores are distributed in the skin with a 
certain regularity ; in this particular, reptiles, fishes, and amphi- 
bians show hardly any— or no — difference. They usually occur 
in the cutis only, but sometimes they penetrate into the epider- 
mis, as, for instance, was the case in the section of the skin of a 
common fi'og, shown in fig. 25 ; but it is not known whether they 
then retain or lose their contractility. Sometimes the epidermis- 
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cells are all supplied with pigment, as in many reptiles, but 
these certainly are not true chromaiophoreB, and so are in- 
cipable of occasioning any change of colour in the skin ; but of 
courso their constant hue must affect that of the skin gene- 
rally, as well as the marking produced by the more deeply 
seated chromatophores. The true chromatopbores lie in dif- 
ferent layers in the cutis ; close to the epidermis, light-coloured 
yell(jw cells occur, beneath them the i-ed or brown, and, in the 
deei)ost layer, the black. In some spots the pigment-cells of 
one kind or the other may be wholly wanting ; sometimes the 
black ones form a close mass in one spot, while in others the 
i-ed or yellow predominate, but very few spots are devoid of 
pigment altogether. It is on this distribution and stratification 
of the chromatophores and their alternate expansion and con- 
traction that the pattern (so to speak) depends which the frog's 
skin displays at any given moment. If all the chromatophores 
are relaxed, brown or black will predominate, and in the spots 
where light-coloured cliromatophores lie in patches tiieir hue 
will be dulled ; if they contract while the light ones are still 
extended, these latter will be more conspicuous. Heincke 
detected in Gobius Ruthensparri yet another kind of chromato- 
phores, which were filled with iridescent crystals of marvellous 
delicacy ; they are visible, according to the degree of contrac- 
tion, as spots of metallic sheen, or are altogether invisible. 

The property on which the contractility of the chromato- 
phores depends is at present unknown, although various 
hypotheses have been suggested in explanation of it. It is of 
little importance for our purpose to learn which of all these 
antagonistic hypotheses will ultimately be proved to be the 
right one, since we know that all living protoplasm is essen- 
tially contractile, and moreover that all cells devoid of mem- ' 
brane — like the young ovum-cell, the white corpuscles of the 
blood, and others — sometimes possess this conti-actility in a very 
high degree. And the chromatophores belong to the class of 
cells without membrane ; hence we need not be surprised to 
find that they contract like other similar cells. 

It was formerly supposed that the exciting agent which gave 
rise to the contraction of the chromatophores must act upon 
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them directly, so that variations in the intensity of the light, 
warmth, &c., could not produce contraction, or, on the other 
hand, expansion, unless they were under the direct influence 
of the rays. Some observations certainly have been made, 
particularly those of Wittich, which prove that in animals 
having the chromatic function (as the frog) the direct effect 
from light-rays is, in fact, perceptible in a small degree ; but it 
is now definitively established that this is not generally the 
case, and that the changes of colour thus produced cannot be 
included under the term * chromatic function,' since no adap- 
tation of colour to the surroundings is effected by them. Lister 
demonstrated, on the contrary, by his experiments on frogs, as 
long ago as 1858, that the activity of the chromatophorea 
in cases of chromatic function depends solely on the healfiby 
condition of the eye. So long as the eyes are in connection 
with the brain by means of the optic nerves, the light reflected 
from surrounding objects has a marked effect on the chro- 
matophores ; but. so soon as the eyes are destroyed, or the optic 
nerves are divided, the chromatophores also become totally in- 
capable of perceiving any variations in the intensity of light 
and colour ; thus the light reflected from objects can only affect 
the colour of the skin by the interposition of the eyes. 

These observations were subsequently repeated by Pouchet, 
who evidently was not awai*e of the preceding experiments, on 
Fishes and Crabs ; and he, like Lister, came to the conclusion that 
the irritation which excited the action of the chromatophores took 
effect only through the eyes and optic nerves, and not directly 
on the pigment-cells. Among the numerous new instances 
which he brought forward, some of them highly instructive, 
the case of a plaice observed by him is particularly interesting. 
These fish have, as is well known, a white side which constitutes 
the under surface, and a parti-coloured side which lies upper- 
most; this upper side exhibits the * chromatic function' in a 
very high degree. Among a great number of normal speci- 
mens of the species which, on a white sandy bottom, were 
also whitish or very pale-coloured, he met with one single 
dark-coloured fish in which, of course, the chromatophores 
must have been in a state of I'elaxation, and this specimen waa 
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as distinct from its companions as from the bottom of the 
aquarium. Closor investigation proved that the creature was 
totally blind, and thus incapable of assuming the colour of the 
objects ai*ound it, the eyes being unable to act as a medium of 
communication between them and the chromatophores of the 
skin. 

Up to this p)int Poucbet's researches present nothing reallj 
new. But lu' proceeded to investigate the natural question : How 
and ])y what course is the impression received by the eye passed 
on from the optic nerve to the chromatophores located in the 
skin 1 Two modes of transmission ai'e hero possible : one by 
means of the spinal cord and the pairs of nerves distributed 
by it to certain sections of the muscles and skin— these are 
known as the spinal nerves ; the other by two nerves Tunning 
longitudinally close to the vertebral column, the sympathetic 
nerves, as they are called, and which are closely connected 
with the spinal nerves and the brain. Pouchet detected and 
proved that the connection was not severed, and tho chromatio 
function was not interfered with, if the spinal cord was completely 
divided close behind the brain, thus cutting off the first means 
of communication between the eye, the optic nerve, and the 
chromatophores. On the other hand, the chromatophores lost 
their power of contraction completely if the two sympathetic 
nerves only wei-e destroyed at the root. These, as before 
explained, are connected with the very finest nerves of the skin 
— which, it would seem, extend to the chromatophores — by 
means of the spinal nerves which are given off* from the spinal 
cord on each side at regular intervals. By seveiing the connec- 
tion of some of these with the sympathetic nerve of the same 
side, Pouchet succeeded moreover in limiting the chromatic 
function to those spots where the nerves remained in com- 
munication with tho sympathetic ; and he was thus enabled to 
produce at pleasure a zebra-like marking on one side of a fish, 
while the other side retained its natural hues and their normal 
variation according to the colours reflected from surrounding 
objects. In this way it was indisputably proved that the 
sympathetic nerve, and not the spinal cord, is the conductor of 
the optical stimulus which caus3s the motions of the chromato- 
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pLores; and we may now venture to attempt to investigate 
how it is that an adaptation to the coloar of surrounding 
objects can be elFected by these variations in the colour of the 
skin, that are only indirectly dependent on the light. 

Professor Dewar has recently shown ^^ that the different 
colours of the spectrum influence the eye and the retina in very 
different ways by producing an electric current which has been 
termed the * optic current/ The intensity of this current, ac- 
cording to Dewar, is greatest under yellow light, weakest under 
purple light, and nil in total darkness. Of course we cannot 
directly compare the stimulus which is communicated from the 
rays of light through the optic nerves to the sympathetic nerve, 
and then by way of the spinal nerves to the nerves of the skin, 
and finally to the chromatophores, with this * optic or retinal 
current,' because an electric current invariably takes the shortest 
road, which the nervous irritation above described certainly does 
not. But if we assume that the measure of the force exercised 
by the eye on the chromatophores may be approximately esti- 
mated by the force of the retinal current, an explanation of the 
phenomena of the chromatic function would be easily found. 

Every object reflects the light according to the nature of its 
colour ; black surfaces, when they are not too smooth, absorb 
the rays in the highest degree, red come next in order, and then 
yellow. White reflects nearly all the rays ; hence a black back- 
ground, reflecting but little light, will stimulate the eye in a 
very faint degree, and the excitation, analogously to the ascer- 
tained working of the retinal current, will apparently not be 
strong enough to occasion the conti-action of the black chromato- 
phores 'y these remain expanded, and give the skin a dark hue. 
If the light is reflected from a red or blue object, the somewhat 
stronger stimulation causes the black or brown chromatophores 
to contract while it does not affect the red or yellow ones ; tho 
animal then exhibits a reddish or bluish tint. The light 
reflected fi-om green or yellow bodies produces a still stronger 
effect on the chromatophores, till a pure white light makes all 
the inmost layer of the chromotaphores contract, and the ani- 
mal is almost colourless. This explanation coincides perfectly 
with Pouchet's observations, though Heincke certainly makes 
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a few contradictory statements. He says that when a Oobiua 
Ruthensparri is placed on a red bottom the yellow chroma- 
topliores shrink as well as the black ones, although the yellow 
contract less strongly than the latter; but^ aooording to 
Pouchet's explanation, the yellow chromatophores should hardly 
or never contract under a red light, since it is incapable of 
affecting even the red chromatophores. This indicates that 
thci*e is still much to be done in this enquiry ; and it is to be 
hoped that naturalists who take an interest in the subject and 
are iu a position to make independent investigations will not 
suppose that it is exhausted even after the interesting and 
extended experiments of Lister and Pouchet. 

We must also guard against the idea that another questian 
which is connected with this has been in any way answered : 
namely, that as to the first formation of the pigment in the 
chromatophores — a question which is often, but erroneouslyy 
regarded as identical with the other : How a particular mode of 
coloration, or rather of distribution of the pigments, is to be 
accounted for. This has, in fact, been fully explained by Lister 
and Pouchet in the case of chromatic function, but it is dear 
that the other question is not touched by it ; for chromato- 
phores, i.e, dermal cells characterised by a rapid and peculiar 
contractility, must have existed before the contractions occa- 
sioned by the light reflected from surrounding objects coold 
result in a useful function. The permanence and even the 
further development of the chromatic function in such animaJa 
as most required its protective effects is of course easily ex- 
plained by the principles of the Darwinian theory — by natural 
selection in the struggle for existence ; but its first occurrence 
depends exclusively on the pre-existence of pigment in highly 
contractile cells. 

The contractile power of the chromatophores, however, ofiera 
no special diificulty, as has already been observed, since we 
know that protoplasmic cells, devoid of an enclosing membrane 
like those of the chromatophores, are universally endowed with 
this property; any such cell, being a cell of the connective 
tissue of the cutis, might become a chromatophore, if pigment- 
grannies were deposited in its protoplasm. Thus the only 
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final difficulty is the indispensable pre-existenoe of the pigment. 
Whence and how does pigment originate 1 Recent J)arwinian 
views no more supply the answer to this question than the 
older theories of the origin of colouring-matter through the 
direct influence of light. It is incontestably certain that light 
alone cannot give rise to a pigment, as was foi-merly supposed ; 
and it is very probable tiiat, even if the production of darker 
colouring sometimes seems to depend on the influence of light, 
it is to be attributed to the chemical rays or heat-rays which 
are always associated with light-rays. It is equally certain that 
all the peculiarities collectively which make animal pigments 
useful to the owner do not make their existence indispensable ; 
so that the chromatic function, in this special case, explains only 
the various arrangements and rearrangements of pigment already 
existing, but can throw no light on the obscurity which shrouds 
the existence of these chromatophores, however great the utility 
they may acquire, and undoubtedly possess, by the nature of 
the different pigments they may contain and by their distribu- 
tion and dependence on the eye and the optic nerve. 

The question remains equally unsolved with reference to 
all other kinds of animal colouring. They may, as in the 
chromatic function, be elicited and influenced by the indirect 
action of the light, or they may, as is now very generally as- 
sumed, have originated by natural or sexual selection ;2^ but 
these causes are still inadequate to the production of the pig- 
ment itself, when we think of its origin irrespective of its 
distribution. The eye was not formed by the faculty of sight, 
although, when once it was formed, it was lai-gely modified by 
the function; the eye must have existed before it could be 
used. The same is the case with regard to the pigment. I 
lay some stress on this comparison, because it is so common to 
find it stated in popular treatises, nay, often enough in scientific 
works, that this or that colour is the result of selection or of 
adaptation, the word 'colour* being no doubt used by many of 
the writers instead of the more correct expressions — colouring, 
pattern or arrangement of colour. The answer to this ultimate 
query — How the pigment was first formed — cannot at present 
be given; and although many experiments and observations 
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have ali*ejuly been made which indicate the poBsihilitj of an 
early solution of it, they are at present far from being perfect 
enough for us to discuss them in this place. One thing only 
may hero be briefly observed. K the Darwinian principles are 
indeed the true ones, we must assume that the pigment itself — 
not by its variable distribution — ^together with its subsequently 
acquired utility in the maintenance of the species by the 
selective influence of the conditions of life, must either have 
some direct primary function in the normal life of the indi- 
vidual, or else be the inevitable secondary product of some in« 
dispensable physiological process. In a few rare cases this last 
is known to be the case, and they have been classed by 
Darwin as cEises of correlational colouring. But we may hope 
that the time is not far off when the presence of every kind of 
pigment will be as intelligible to us — as easily referred, that is, 
to definite causes — as are certain variations of colour, which, 
under the chromatic function, are now recognised as being 
directly and absolutely dependent on the effects of light on the 
eye of the animal. ^° 



CHAPTER ly. 

THE INFLUENCE OF TEMPERATURE. 

The sun, the source of light, supplies other powerful stimuli 
to organic life on our globe. All the heat which influences 
the development and continuity of life either is now, or formeily 
was, derived from the sun, in whose rays light- and heat-rays 
exist in combination. The influence of the heat-rays only, on 
animal life and on its distribution on the globe, will form the 
subject of the present chapter. 

It must be almost superfluous to bring forward any special 
facts to prove that heat, or the degree of temperature at a given 
time, has a marked influence on the life of animals and on their 
vital functions. Everyone knows that perspiration, i.e. the 
BrCtion of the sweat-glands in the skin, inci*eases as the tempera- 
ture rises ; and that a considerable heat must be kept up if a hen's 
egg is to be perfectly developed or hatched. The heat which 
reigns during summer in the Eastern States of America, in 
Madrid, Naples, and other places, is often intimately connected 
with fatal epidemics, nay, sometimes is pi*oductive of them. Most 
Euroj>eans become indolent and slothful if they are forced to 
pass the hot season between the tropics or even in Naples or 
Madrid. The approach of winter, on the other hand, is equally 
perceptible, and it may be confidently asserted that many millions 
of human beings make their livings and support themselves 
solely by the indirect results of this transition from summer 
warmth to winter cold, otherwise fi-equently so injurious. If, for 
instance, we suppose that the thirty or forty millions of human 
beings who pass through the severe cold of an American winter 
were by some means relieved of the necessity of buying, say every 
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three or four years, a winter overooat, the necessity for a oortain 
annual expenditure of a sum of certainly not less Uian a hundred 
thoiLsand dollars would also be removed, and an enormous number 
of tho population would be thereby deprived of the means of 
existence. Animals, however, under these circumstances behave 
very differently ; the lower animals, and above all those that 
live in the sea, are far less dependent on variations of tempera- 
tui-e than man and the warm-blooded animals; nevertheless 
the very simplest of all forms, the Protozoa, are dependent on 
warmth in a very remarkable manner. 

Many of my readers have no doubt been at some time 
obliged to experience some degree of acclimatisation to a tropical 
climate. Everyone who has passed some time between the 
tropics knows that sooner or later he got accustomed to the 
higher temperature, and at the same time probably lost the good 
appetite which he enjoyed in his colder native country. He 
will also have observed that the effect of a high temperature 
on the action of the sweat-glands and kidneys was different 
from that of a colder climate. A European sees the natives 
of a tropical country turn drowsy or shiver with cold at a 
degree of temperature which, though low in those regions, would, 
in his own countiy, have made him wish to fling off his gaa^ 
ments and plunge into icy-cold water ; but a prolonged residence 
in the hotter climate will gradually accustom him to the sensi- 
tiveness of the natives to small variations in temperature. The 
natives of Port Mahon in Minorca wore excessivelv astonished 
at seeing me and two other Germans bathe regularly in the 
sea in the month of September, although the temperature of the 
sea-water of the harbour where we bathed was certainly not less 
than 18° centigrade, and very probably more. 

These few facts may suffice ; I should not have mentioned 
them if it had not seemed desirable to make the reader familiar 
at once with the idea that the influence of temperature on 
animals depends not merely on the absolute degree of heat 
experienced, but on the variations of temperature to which every 
animal, almost without exception, is exposed in the course of its 
life. The above-mentioned facts prove too that animals are 
capable of enduring the effects of change of temperature and to 
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adapt themselves to it without any change of structure being 
the inevitable result, although such changes are clearly recognis- 
able in function ; and, in the third place, that the same degree 
or variation of temperature affects different organisms in 
different ways. We might perhaps be disposed to assume, on 
the ground of theoretical conjecture, that all the animals living 
together in the same climate must be affected in the same 
manner by the nonnal variations of its temperature ; but such 
an assumption would be, as everyone knows, altogether false. 
On the contrary, well-known facts tend to show that there are 
enormous differences in this respect, and the same facts teach us 
at the same time, that the well-being of animals living in associa- 
tion depends far more essentially on the variations and extremes 
of temperature than on the absolute degree of heat to which 
they may be simultaneously exposed at any given time. 

The results thus laid down, somewhat dogmatically perhaps — 
but the reasons on which they are founded will be given pre- 
sently — justify us (only hypothetically, it is true, for the pre- 
sent) in denying the value frequently attributed, even quite 
lately, to the curves of temperature as constructed by meteoro- 
logists. Anjiual isothermal (isochimenal or isotheral) curves 
are constructed by estimating the mean temperature for the 
days first, then for the weeks, months, seasons, or for the whole 
year ; but these curves calculated from mean temperatures are 
in truth, if of any, only of very small importance to ihe matter 
in hand. Tliug, for instance, it is certain that a given degree 
of temperature, conceived of as absolute in its effects, will have 
a favourable effect on one animal, while on another it is less 
favourable or even injurious. Now the mean temperature of 
a day, as calculated by the meteorologist, and assumed as the 
basis of all his curves, can afford no standard by which to 
measure the influence of the heat duiing that day, since it is 
not the same as any of the different temperatures observed 
during the day, and that mean of temperature may be the re- 
sult of very dissimilar extreihes. A pond-snail is developed, 
lives, and feeds best in a mean temperature of about 20° centi- 
grade ; but this, as a daily mean of heat, might be the mean of 
two extremes lying far apart from each other. This water-snail 
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(loos not assimilate its food — that is to say, digest and grow — 
till the "water has attained a warmth of from 14° to 15° oenti- 
gnule, and it entirely ceases to do so when the wateYr has 
reached 30" to 32". Hence it is jlain that the pond-snail is 
for a long time less favourably circumstanced than a bird or 
mammal living nenr the pond or in it, and close to the snail ; 
for they, like all warm-blooded animals, can carry on the pro- 
cess of digestion even when the temperature falls below the 
freezing point or rises above 36° or even higher ; the Lymnsea 
meanwhile is materially checked in its growth, or even killed. 
Nevertheless the calculated mean daily temperature may be 
identical with that which would afford the most favourable con- 
ditions for the pond-snail. Hence it is evident that a classifi- 
cation of animals according to the climate in which they live 
in fortuitous community — as those of the tropical, temperate, 
and frigid zones — has no real value, and is simply an expression 
of the fact that different animals live in different climates. All 
such divisions founded on the terminology of meteorology serve 
only to conceal the true relations of animal life to the tempe- 
rature that influences it, and consequently cannot be regarded 
scientifically as either accurate or useful. I therefore shall 
suggest another method of classification which agrees better 
with the nature of the relations that can be proved to subsist 
between animals and those variations of tempei'ature to which 
they are subjected.^* 

Almost all animals are exposed within the course of a day 
to more or less considerable changes of temperatui^. If we 
assume, as we are justified in doing by certain observations 
that shall presently be communicated to the reader, that there 
is a certain degree of heat (which need by no means be identical 
with the meteorological mean temperature of the day) which is 
most favourable to the well-being of one or of several species 
of animals, obviously every rise or fall of temperature above or 
below this favourable point must be to a certain extent injurious 
to the ci-cature. The interval between the daily extremes may 
Ix) great or small without any alteration in the daily meteoro- 
logical mean ; moreover, the favourable temperature — the opti- 
mum of temperature for the animal — may either coincide with 
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the meteorological mean or lie nearer to one of the extremes — 
the maximum or the minimum — than the other. We have here 
assumed that the optimum is the same for all animals ; but they 
may nevertheless be very differently affected by the variations in 
temperature according to the degree of the vaiiations themselves. 
Then those animals which can endure the greatest variation in 
the direction of either extreme evidently exhibit a certain 
contrast to others which can only thrive under very small 
departures from the optimum, and their distribution must 
depend essentially on this characteristic. Certainly the distinc- 
tion thus indicated cannot be regarded as absolute; but we 
shall nevertheless do well to avail ourselves of it as a means 
of classification, and to designate animals, according to Mobius,^^ 
the former as eurytliermal, the latter as stenothermal. 

We also know that the optimum of temperature may be 
extremely different for different animals, since some exist near 
the poles and others on the equator, some live on ice and some 
in hot- water springs. Nevertheless, a rise of temperature above 
the optimum must in either locality influence the animal in an 
analogous manner, whether.it dwell on the ice of the North Pole, 
or at the summit of a high peak, or on the scorching plains of the 
tropics ; and a fall of temperature below the optimum must 
likewise produce analogous, though not identical, phenomena. 
Hence we may, in a certain sense, assume the optimum of tem- 
perature as being the same for all animals as a basis for our 
discussion of the question : How do variations of temi^erature 
affect the animal 1 and thus we may divide this chapter into 
three sections, the first dealing with the effects of a falling 
temperature, the second with those of a rising temperature, 
and the third with those of an et\VLsl temperature, and at the 
same time with the dependence of animal life on these three 
conditions — the term 'equal temperature' excluding any great 
changes whether of rise or fall. 

I. The influence of a falling temperature on animal 
life. — This influence may exhibit itself in many diffei*ent ways. 
A small fall in temperature may be as injurious to one animal 
as a great fall to another, while a third species may be wholly 
unaffected by either. Animal life is often destroyed before the 
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freezing point is reached, while some animuls can eadure even 
to bfl actually frozen up without being killed, their vital powers 
merely becoming latent. Sometimes the effect of the reduced 
temperature induces modification of the functions only, some- 
times it leads to changes in organic structure. Unfortunately 
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very few experiments on individual cases have been made 
which elucidate this branch of the subject, but we will investi- 
gate these more closely. A reduction of temperature which 
never falls so low as the freezing point of fresh water may still, 
under Bome circumstances, lead to the suspension of vaiions 
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animal functions. Eo88ba«h proved that the rhythmical eon- 
tractions of the contractile vesicle in Infusoria are very remark- 
ably aff©ct«d by a low temperature. He found by very carefully 
conducted experiinent8(fig. 27) that the pulsations of these vesides 
were generally carried on most regularly and rapidly in a tempe- 
rature varying between 15° and 25° centigrade. But tlie lower- 




ing of the temperature to 5° al>ove freezing point (5° centigrade) 
has a quite different effect on the different species ; thus, at this 
low temperature the vesicle of CkUodon cucullulus contracts 
seven times in a minute, that of Stylonychia pmtulata only three 
times, while at 15° there ai'e fifteen pulsations per minute in 
each. At 10° above zero* the length of one pulsation in 
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Chilodon cucullulus is seven seconds, in Euplotes Charon forty- 
eight. We see at once by this that the active life of the animal 
is not suspended even at so low a temperature as 5°; for although 
the pulsations succeed each other more slowly than at a higher 
temperature, they occur regularly, and the contents of the vesicle 
are discharged with the same regularity. But if the temperature 
is still further reduced to 3° or 2° above zero centigrade, the pul- 
sations of the vesicle, as well as all the movements of the various 
members of the creature — its cilia, bristles, and so forth — cease 
entirely; a condition of the animal protoplasm supervenes — 
which must not be mistaken for death, though it frequently 
precedes it — to which Rossbach has given the appropriate name 
of ' chill-coma.* If this chill-coma of the Infusoria is not too 
long continued, the creature may be revived by raising the 
temperature ; but if it is long continued, or if the temperature 
is still further lowered, the animal finally dies. 

Our common pond-snail, Lymnoea stagnalis, offers a very 
interesting example of the influence of cold on the organic 
functions. I found by experiment that this animal, when 
young, first begins to assimilate food, and consequently to grow, 
when the water is at about 12° centigrade; at the same time a 
temperature much below that which induces chill-coma in the 
Infusoria has no injurious effect on the animars life, though it 
entirely prevents its growth. Indeed, observations have been 
made which seem to prove that the Lymnaea may be quite 
frozen up without being killed. This mollusc grows at a very 
moderate rate ; individuals brought up even under favourable 
circumstances t.ake about three months to develope a shell 
twenty-four millimetres long, and they do not attain their 
fall size under two years, although the whole life of the in- 
dividual can scarcely exceed three or four years at the utmost. 
Assuming that a young Lymnaea were placed in a lake or stream, 
of which the temperature constantly exceeds the minimum at 
which the snail can begin to gi'ow, during only two months of 
the year, while it never perhaps reaches the high optimum, 25°, 
the mollusc will be unable to attain its due proportions during 
the first year, or to grow to its full size even during the second, 
and thus a dwarfed form will inevitably ari^. This dwarfed 
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form will still be able to reproduce and multiply itself; for tbe 
maturation of germinal matter — the ovum and sperm — takes 
place during the winter and early spring, at a time when the low 
temperature of the water hinders all growth, and the optimum 
of warmth for the sexual processes is much lower than that for 
growth. Thus a permanently diminutive race ^^ might arise if the 
conditions of temperature above described remained constant for 
several successive years in the lake or stream where the young 
molluscs or the eggs have been deposited. Hence it has been 
supposed, and in many cases no doubt with justice, that the 
dwarfed races of animals which are found on high mountains or 
in the polar regions, where they must meet with the conditions 
of temperature just described, have originated directly from the 
low temperature hindering their growth. This assumption, as 
is quite evident, perfectly accords with my experiments on 
Lymnaea ; still it must not be forgotten that other influences 
might have precisely the same eflect, such as insufficient food 
and other circumstances, which will be discussed in the next 
chapter. 

Thus we have seen that a degree of cold nearly as low as 
the freezing-point of fresh water kills Infusoria, but not the 
Lymnaea ; also that their vital activity, as shown by the con- 
traction of the pulsating vesicle, begins at 4° above zero, while 
assimilation, and with it the other organic functions, only begin 
in the Lymnaea at 12° above zero, although the optimum of 
temperature which favours the highest vital activity and de- 
velopment is almost identical for both, viz. 25°. The enormous 
difference in the powers of resistance to a fall in temperature, 
possessed by different creatures, which is proved by these ex- 
amples (and by many others which need not be particularly 
mentioned), shows that its influence is not absolute, i.e. cannot 
equally affect all the animals exposed to it ; but that the ex- 
tinction of certain animals under secular refrigeration in either 
hemisphei-e of the globe must have depended in part on the nature 
of the animal itself. 

This reaction against the influence of cold is in the highest 
degree dissimilar in different species of the same family. A few 
special phenomena illustrating this, particularly those of hyber- 
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nation or winter-sleep, and of resuscitation after being frozen 
up, must be briefly examined. 

It is universally known that there are forms among the 
Vertebrata, as well as the Invertebrata, which are distinguished 
from all their congeners by the circumstance that they are 
lulled to sleep by the falling temperature at the beginning of 
winter; they sink into a state of rest of longer or shorter 
continuance, during which their active life, if not totally sus- 
pended, is reduced to a minimum. My two tame Praiiie-dogs, 
Hans and Gretel, feel the effect of a falling temperature, when the 
thermometer is only down to 7°-10° centigrade; the Amphibia 
of our latitudes first perceive it when the temperature is very 
little above the freezing-point of water, while in Cuba they 
succumb at degrees lying between 7° and 24°; the common 
continental vineyard-snail, Hdix Fomatia, does not throw off 
the calcareous lid which protects it during its four-months 
sleep till the temperature by day has reached about 10°-12° centi- 
grade. In tropical countries, various animals, as snakes, lizards, 
&c., fall into a state of chill-coma, precisely resembling a 
winter sleep, at a temperature far above that at which the hyber- 
nating animals of northern latitudes 3* are still quite active — 
another proof of the truth of the statement that it is the depar- 
ture from the optimum, not the absolute high or low tem- 
perature, that affects animals. In the Philippine Islands I have 
frequently found snakes under stones early in the morning, 
that were quite stiff, though the temperature of the soil under 
stones, or protected against radiation by the shade of forest 
trees, was never below 16°-18°. It may perhaps be here ob- 
jected that, for this very reason, the wiuter-sleep of our animals 
cannot be directly compared to the chill-coma of those living 
between the tropics; but I think this objection ill-founded. 
Certainly the temperature in tropical countries never remains 
for any length of time, for days or even weeks, so low as to 
induce an unl>roken or prolonged chill-coma during such 
periods. But it is obviously of small consequence whether the 
effects produced by the lowered temperature are of long or 
short continuance ; even among our hybernating animals the 
duration of their sleep varies considerably, but the general 
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identity of the influence exerted by a reduction of temperature, 
both in high latitudes and equatorial regions, is not to be dis- 
puted. This consists, as we have seen, in the fact that every 
reduction of tempei'ature below the optimum, whether that 
optimum be high or low, so diminishes the vital energy of 
many, though not of all animals, that they gradually fall asleep, 
and remain in a condition resembling sleep as long as the low 
temperature, which induces that condition, lasts. 

In general, warm-blooded animals seem to be protected 
against the effects of a reduced temperature by their power of 
keeping up, by combustion, the warmth indispensable to their 
existence. But they do not all escape its influence nevertheless. 
Everyone who has lived for any length of time between the 
tropics, and has observed the people there, knows that the natives 
become excessively sleepy under a sudden and great diminution 
of warmth ; and that the most inveterate winter- sleepers belong 
to the warm-blooded mammals is equally well-known. It is in 
no way surprising to learn that a cold-blooded snail* mollusc, or 
frog becomes lethargic during the winter, because the warmth of 
their bodies always exactly or very nearly corresponds with that 
of the surrounding medium, air or water, and because they are 
not fitted by their internal structure to produce such warmth as 
is indispensable for the energetic vital action of their organs ; 
hence they must gradually subside into sleep, i.e. a torpid 
condition of life, as soon as the temperature of the air or water 
falls below the point where their powers of assimilation begin. 
But we may well feel surprise at seeing that a warm-blooded 
animal, whose body is constantly maintained by internal 
processes at the high temperature of from 36° to 38°,^^ is 
nevertheless incapable of resisting the lowering and soporific 
influence of cold. With regard to this point a fact of the 
greatest importance has lately been discovered. We have learned 
from tolerably numerous observations that in several hybernat- 
ing mammals, which have been examined with this view, the 
temperature of the body is very considerably lowered during 
their winter-sleep. The lowest temperature hitherto detected 
in such a creature is 2° centigrade in the Zizel, Spermophiltis 
cit'iUuSf according to Horvath's researches. To this naturalist ^^ 
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we owe, too, the far more interesting observation, that the Zizel, 
when ]ying in its winter sleep, always has the same, or nearly 
the same, degree of warmth as the surrounding air. In one case 
the temperature of the room was 2° above zero, and a thermo- 
meter inserted in the rectum marked exactly the same degree ; 
in another experiment the animal was sleeping in a room, at 
about 9° to 10°, for several days, and its body (in the rectum) 
was at 8-4:°. This shows that during their winter sleep warm- 
blooded animals become truly cold-blooded : at any rate this 
is true of the Zizel, since its temperature cori'esponds with 
that of the surrounding atmosphere. Other facts proved by 
Horvath's elegant experiments, and of which the interest is too 
specially physiological for mention here, I have quoted in 
Note 36, for they appear to me to dessrve to be more widely 
known than they have hitherto been. 

A second point of more general interest is the great power 
of resistance to extreme cold manifested by many animals, and 
their power of enduring even to be frozen up without injury to 
their vital functions. In this respect the cold-blooded have 
certainly the advantage over the warm-blooded races. Man is 
compelled to supply his deficiency of natural protection against 
severe cold in the most various ways, or to boiTOw them of 
furi-ed quadrupeds ; a rabbit will infallibly die if the heat of 
its body is reduced to 15° centigrade. Thus this rodent, whose 
normal body- temperature is about 31° to 32°, needs only the 
comparatively insignificant reduction of sixteen degrees to put 
an end to its life ; and it is to be assumed that, with the 
exception of the winter-sleepers, the same would be the case 
with all mammals. Bat it is diSerent with the cold-blooded 
animals. Their body-temperature, as we have seen, is always 
exactly or nearly the same as that of the surrounding medium, 
and rises and falls with its variations.^^ But their powers of 
resisting a considerable amount of cold are nevertheless very 
various, and even the same individual, at difierent stages of 
its development, differs greatly in this respect. Frogs and 
toads can bear to be frozen up, or even endure a degree of cold 
approaching the freezing point, only when fully grown ; many 
fishes, as the salmon, can do so, both as embryos in the egg 
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and when fully grown; it is well known that salmon's eggs, 
with the embryo in them, are conveyed in ice even to America 
and Australia ; other animals, again, can bear such cold only 
in the egg state. Many insects perish in the winter, while their 
eggs survive, and the embryo within the egg of many insects 
cannot be frozen even at an extremely low temperature. The 
so-called winter eggs of many of the lower crustaceans — 
DaphnidoR for instance — and the germs or statoblasts of Bryozoa, 
or of the fresh-water sponges, resist any degree of cold, while 
the fully grown individuals regularly perish in the autumn, 
apparently from cold. So far as I know, no explanation has 
yet been given, or even sought for in the right way, of the 
fact that the soft contents of so minute a body as the egg or 
germ of an invertebrate animal cannot be frozen so long as 
it remains enclosed in its firm but always extremely delicate 
capsule. 

With regard to the capability manifested by many animals, 
or even certain separate organs, of enduring to be frozen up 
without having lost their vital powers in the smallest degree after 
they are thawed, many observations have been recorded, but 
hardly any, if any, thorough and complete series of experiments. 
The statements that have been made are often nothing short of 
astoiinding. Thus it has been said that frogs and toads do not 
die even when so completely frozen that their skin, muscles, and 
bones can be broken up into fragments. The extremely delicate 
marine Naked Mollusca are said, like many other MoUusca, to 
endure freezing in ice without injury, and excised portions, as 
the heart, muscles, or nerves, to undergo the same treatment 
without losing their functional powers. But, on the other side, 
Pouchet declares, on the ground of various experiments, that 
actual freezing infallibly kills separate members, and perfect 
individuals too ; for according to him the corpuscles of the 
blood are in the fiist instance destroyed by freezing, and these 
dead elements act as a poison after the individual is thawed, 
killing the animals, or, as the case may be, the organs. This 
view, if not actually contradicted by Horvath's researches, is 
rendered improbable, to say the least ; for from them we learn 
that a frog whose legs have bean killed by freezing lives on all 
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the same, and is not poisoned by the introduction into its cir- 
culation of the dead corpuscles from its frozen legs. From 
Pouch et's point of view it might be answered that the amount 
of poison supplied by the freezing of the legs was insufficient to 
do permanent injury to the frog after they were thawed. But 
the question is not one of any present moment. 

At any rate, the results of Horvath's experiments, which 
agree with Pouchet's, as to the deadly effects of freezing, make 
the various observations as to the revival by thawing of frozen 
animals in the highest degree improbable. Horvath showed 
that a frog, or a portion of a frog, infallibly died when frozen in 
a temperature of the surrounding medium (water or quicksilver) 
of 5° or more below zero C. ; whereas nerves, muscles, and hearts, 
after being reduced to a temperature of from 0° to 4° below zero C. 
or even actually frozen, are said to be capable of renewed activity 
when thawed again. From this we may infer that the essential 
part of muscular fibre or nerve-tissue, on which their functional 
activity depends, is not brought to its freezing-point even when 
reduced to a temperature of 5° centigrade. But we cannot 
extend this conclusion to whole animals, for we do not know 
whether other parts of the body, as, for instance, the blood or 
gland-cells, might not freeze at a still higher temperature and die 
in consequence, and then the whole animal would undoubtedly 
be killed. However, exact estimates of the internal heat of 
animals thus hard frozen are not at hand ; it was concluded 
at once from their stiffness that they were frozen through 
and through, without the least consideration of the fact that 
the freezing-point of the different juices found in the body may 
vary greatly, and that consequently, even in apparently hard- 
frozen animals, those parts may not be actually frozen on whose 
properties their resuscitation by thawing essentially depends. 
Horvath's experiments ought to have been repeated, in a com- 
prehensive way, on uninjured animals before a positive opinion 
could be formed on earlier observations.^® 

Meanwhile these as well as Horvath's experiments show 
that there are animals which can bear to be frozen up, and even to 
be in part actually frozen. From this a latitude in their power 
cf resistance to variations of temperature is presumable, which 
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must be of the greatest importance in considering the question 
as to how far secular variations in the distribution of tempera- 
ture on the surface of the globe may have acted as a selective 
induence on the animals peopling it. For instance, the selec- 
tion from species now living, which might possibly at some future 
time recur as the result of a considerable reduction in the tem- 
perature of our latitudes and the introduction of new species 
from high latitudes — the fauna of the ice period — might be 
accompanied by modifications in the structure of the individuals 
of such species as survived the change. 

Now, so far as I know, no single investigation proves 
that the coarser main structure of the different organs of 
animals can be modified by changes of temperature. On the 
other hand, many modifications in the fur and colouring of 
mammals, and in the colouring of birds and insects, may with 
good reason be referred to the direct or indirect influence of a 
reduced temperature; as regards insects^ indeed, this effect has 
been positively proved by experiment. (Another effect of a 
falling temj)erature, namely, its influence on the production of 
eggs, will be treated of later.) 

It has been recently asserted, on the contrary, that the 
change of colour in winter, which occurs regularly in many 
mammals and birds, is a result not of cold, but of selection. I 
must confess that I do not understand how such a conclusion is 
arrived at. It is self-evident that selection per se cannot 
possibly modify colom*, i.e. the pigment itself, in the smallest 
degree ; the causes which result in a brown fur becoming white, 
more or less quickly, must undoubtedly be of a different cha- 
racter. It is well known that the whitening of the hair in man 
is usually a sign of advancing years, that sometimes it occurs 
in early life, and that this peculiarity is often hereditary, and 
that occasionally violent and sudden agitation of mind will 
cause it within a few hours ,' in all these cases the efficient 
causes are perfectly dissimilar. But of the nature of these 
causes we are wholly ignorant; and we may, though with 
caution and reserve, express the view that the fall of tempera- 
ture at the beginning of autumn may somehow produce an 
effect, direct or indirect, on the pigments situated in the skin. 
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On the other hand, it is difficult to understand how a race of 
brown animals can be gradually transformed by selection into a 
variety which always turns snow-white in winter. Granting 
that a brown weasel could, by any external or internal cause, 
be changed during the winter into a brown and white spotted 
one, this weasel would not have the smallest advantage over 
the brown one in consequence of the white mixture in its fur, 
for it would be quite as conspicuous as a plain brown one in 
the pure white of the snow, perhaps even more so. That a 
white variety should arise from a gradual increase of the white 
patches in the piebald fur is not to be thought of. It might 
indeed be possible that a selection should be effected, if a pure 
white variety were at once and from the first produced from 
the animals which first exhibited this modification of their 
summer colouring, since these, like the nearly white ones, 
would in fact enjoy an essential advantage over the brown or 
spotted ones. But, even then, selection would not have pro- 
duced this pure white winter colouring by the cumulation of 
small and useful variations, but have chosen between the two 
varieties offered, the white and the brown ; and the question as 
to the origin of the winter colouring is still unanswered. The 
same arguments hold equally good for all pure white varieties, 
whether in arctic regions or on the ice and snow of high peaks 
in mountain chains; these, like all other species that turn 
white in winter — it would be superfluous to enumerate them 
here ^^ — cannot have preserved their winter colouring by means 
of selection ; whereas, no doubt, after other causes, unknown 
to us, had in the first instance given rise to a constantly white 
variety, or to one white in winter and brown in summer, this 
may have been secured by the rapid extii'pation of the less 
well-protected brown or spotted varieties. It is thus that . 
Wallace accounts for the occurrence of white species in northern 
regions, but he does not even refer to the question as to how 
the white hue originated. 

The nature of these causes is in fact unknown ; it was pro- 
bably an error to assume that in all the above-mentioned cases 
this whiteness, i.e, the absence of the pigment, was the direct 
effect of the winter cold, or of the low temperature of the polar 



EFFECTS OF A EISING TEMPERATURE. 117 

regions or of the eternal snow- fields of high mountain peaks. 
In one single case only can we assert with certain y that the 
winter colouring of an animal may be referred to the direct in- 
fluence of the reduced temperature in autumn. Professor Weis- 
mann in Freiburg, to whom we are indebted already for many 
facts established by his elegant experiments, has proved that 
two varieties of butterfly, long regarded by entomologists as 
distinct species, are in fact only the summer and winter forms 
of the same species of Vanessa (^Vanessa prorsa-levana), for 
he succeeded in rearing the winter variety ( Vanessa levana) in 
the summer season, and from a summer brood, by keep- 
ing the air in which the caterpillars and pupae lived at an 
artificially lowered and regular temperature.*^ It is much to 
be wished that zoologists would more frequently carry out 




Fig. 29. — DeaoHa glacicUiSf the Glacier Flea. 

similar experiments; for if tliis were done, I have no doubt that 
a far more extensive influence of cold on animals would soon be 
recognised, and its limits more accurately defined than is at 
present possible. 

II. The influence of a rising^ temperature on animal life. — 
Variations in tempei-ature below the freezing-point of the fluids 
contained in the body can obviously have no eflfect on those 
animals, or on their peculiarities, which either die when the 
cold reaches that point, or whose vitality becomes latent. It 
will matter little to a perfectly frozen frog whether it was 
frozen at 5° below zero or at 10° or 12° above. It is not until 
the water surrounding the creature, and the fluids contained in 
its tissues, recover their fluidity under a thaw, that any further 
rise of temperature can aflfect its vital activities. For although 
many animals can live on snow and ice, or even in ice — as the 
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glacier flea (fig. 29), Degeeria nivalis, two species of Srtiinthurvs, 
Ghionea araneoides, &c. — theii* internal temperature is not that 
of the ice ; nay, most of these creatures belong to the warm- 
blooded Vaces, who themselves can supply the deficient warmth. 
Besides, the temperature of the air at the surface of the ice or 
snow is by no means always below the freezing-point ; on the 
contrary, often considerably above it. The fact that animals live 
on or in the ice must not be taken as proving that an active 
animal life is generally possible at temperatures below zero, or 
' that a rise in the temperature of the air or water from — 10° to 
— 5° can be of any importance to animal life. A rise of tempera- 
ture above the freezing-point of the water and of the juices of the 
body must, on the contrary, have much effect on the animals ; 
but, as we have seen, it has by no means the same effect on all 
the animals that live together in one spot and exposed to the 
same rise in temperature. 

The effect of a rising temperature on animals depends of 
courae on their nature; as this differs, so will they be differently 
affected. This is familiar to all, and easily observed. Some 
animals rouse from their winter sleep earlier than others ; some 
at a low temperature remain rigid in morning torpor, while 
others, roused to sexual activity, display their charms, and are 
already busy, laying their eggs or bringing forth their living 
young. In short, from the very freezing-point, a rising tem- 
pei-ature begins to exert its stimulating influence on the vital 
functions of every living thing up to the point whei-e these 
functions are at the highest possible stress under the optimum of 
temperature, which, as is proved by the above-mentioned facts, 
is different for every animal. If the heat rises above this 
optimum, the effects are reversed ; functional activity is more 
and more reduced, till at last a sleep-like condition or heat- 
coma precedes death, which ensues under too great heat. 

The optimum of temperature varies not only according to the 
Fpecies, but in every individual, nay, in every organ of every 
individual. The best, or at any rate the best known, example 
of this is offered by the Infusoria. Bossbach, in the work 
already referred to, showed that the rhythmical contractions of 
the contractile vesicle always grew more rapid undei a rising 
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temperature until they reached the maodmum of rapidity, which 
varies in different species, at the temperature of 30° centigrade. If 
the heat increased beyond that point, the rapidity of the con- 
tractions diminished, while at the same time that of the ciliary 
movements increased; if, finally, a temperature of 35° was 
attained, a striking difference was seen in the reaction of two 
kinds of cilia ; those which effect the rotatory movement move 
without being in any way affected by the animal's will, while 
the others, by which the creature is enabled to move backwards 
or forwards, depend entii^ly on its will. The rapidity of both 
kinds of motion increases equally so long as the warmth is rising 
up to 35°, but after that the backward or forward motion of 
the animal ceases to be under the control of its will, and a 
peculiar combination of aimless direct and rotatory motions is 
the result. When the heat has risen to 40°, the direct motion 
which became involuntary at 35° ceases entirely, while rotation 
continues with undiminished vigour, till at last between 42° 
and 45° heat-coma supervenes and death ensues. We see by 
this that even two so closely allied functions as contractility 
and ciliary motion, or even two very slightly different kinds of 
cilia — those that work voluntarily and involuntarily — are in- 
fluenced in widely different ways by the same increase of tem- 
perature, exactly as individual animals react differently under 
a rising temperature. Hence an increase of temperature, in 
any district, resulting from secular variation, or an alt(;ration 
in the distribution of heat as to the seasons, must exert 
widely different influences on animals previously living to- 
gether ; and the view so frequently expressed in the statement 
that animals may be classed as tropical, sub-tropical, temperate, 
and so forth — as if all the animals living together in the same 
place must be equally well adapted to the climate of it, and as 
if they must all react in the same way under any variations in 
temperature — is evidently devoid of any solid foundation. 

We will now examine a few particular instances, to illustrate 
more exactly what has been said by some extreme examples. 

We know that the optimum of temperature is not the same 
for all animals,^ ^ so we shall not be surprised to see that cer- 
tain species can live in a temperature which to others ia 
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promptly fatal. Animals of the North Sea, when exposed to a 
temi)ei*atui"e of 30^ under the direct rays of the son, die, it 
would set'm, at once, and invariably, while this appears to be 
the optimum of warmth for the Brancfiipvs stagnalis, living in 
our pools. Animals living within the tropics are generally 
exposed to a much higher and more equable temperature than 
our northern or boreal forms, and few species can long survive 
a transfer from one region to the other. 1 shall presently return* 
to this sulyoct. It certainly appears surprising, though it is an 
indisputable fact, that certain animals and even plants are capable 
of enduring a higher temperature ** than is generally fatal, as it 
would seem, to protoplasm, which is the fundamental element of 
all organic life. It is known that animal protoplasm usually 
coagulates and dies at 40° centigrade, and always at 50®, and this 
agi'ces with what is known of vegetable protoplasm. Hence 
we should feci inclined to conclude that animals could not 
exist ill s])ots — as, for instance, in many hot springs — ^where 
the temperature exc?eJs the maximum limit in which proto- 
plasm can live. But this assumption is in contradiction to 
ascertained facts. It is superfluous to give these in detail ; it 
will suffice to state that animals of tolerably high grade, as 
Crustacea, the larvae of insects, <fec., live in springs having a 
temperature of SO^-GO'^ or even more. In view of the numerous 
data on this subject, and the trustworthiness of most of the 
observers, we are not justified in doubting the facts, although 
the physiological puzzle which they offer cannot at present be 
solved — indeed, no attempt has ever been made to solve it. 
We might have recourse to the supposition that the capability 
of many animals for living and multiplying in such heat must 
result from a capability in their protoplasm for resisting the 
injurious effects of a temperature of 50° centigrade and more. 
But this would prove far greater powers of adaptation in animal 
protoplasm than have yet been considered possible. 

It might perhaps seem plausible to many readers to assume 
that immunity from the injurious effects of too great heat 
bore some analogy to immunity from injury from too great 
cold. But such a parallel is not admissible from a closer and 
more exact point of view. Every fall of temperature below 
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the optimum diminishes the vital energy of the creature more 
and more, till at last, at the minimum, life becomes latent ; in 
this condition the animal can live for a long time without 
danger, since the consumption of organic nutritious matter is 
at its minimum, or, as it would seem in eggs which survive the 
winter, almost entirely suspended during long periods. If, on 
the other hand, the temperature rises above the optimum, the 
vital energies are more and more increased, often accompanied, 
no doubt, by phenomena which seem to indicate a certain 
deterioration in them ; but a condition of latent vitality never 
supervenes ; on the contrary, death always follows as the result 
of a too rapid consumption of the organic matter of the body. 
Thus the power possessed by many animals, both warm- and 
cold-blooded, of enduring without injury a higher temperatm*e 
than tha,t which kills protoplasm, remains as yet unexplained 
even by the parallel above suggested, and the solution of the 
problem would undoubtedly be of the highest interest. 

However, the experiments and observations that have been 
made suffice at any rate to prove that the optimum of temperature 
differs for individuals, and even for the different organs of one 
individual. We have seen that the control which an Infusorial 
has over its progressive motion is lost at a degree of heat 
above which the actual movement itself continues to increase 
in rapidity, and we saw too that the rotatory motion con- 
tinues to be accelerated up to the very point at which death 
ensues, while progressive motion ceases at a much lower degi-ee. 
Hence we need not be surprised to see that a rising temperatm*e 
sometimes produces phenomena which apparently resemble those 
produced by increased cold. Everyone knows that Europeans 
in tropical countries, or even in a hot summer's day in our own 
latitudes, become very sleepy, exactly as natives of the tropics 
do under the influence of a cold climate. In these cases we are 
justified in assuming that the too great heat deprives us of the 
stimulus which usually keeps us awake during the daytime. 
An attempt has been made to refer the * summer sleep ' *^ of many 
animals in hot countries, as analogous to * winter sleep,' to a long 
continuance of such soporific influences ; but this is certainly 
nol correct; in all these cases it is most probable that tho 
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drought which prevails during the hot season is the direct 
cause of it, as will be more fully shown in a future chapter. 

One more effect of rising temperature must here be men- 
tioned as influencing one particular function, on whose normal 
action the existence of every species primarily depends — the 
multiplication of individuals, or reproduction, either by eggs, or 
by fission and budding. Every modification of this function 
must exert a direct and considerable influence, either selective 
or transforming, on every separate species. If, for instance, we 
suppose that the animal temperature in any country were to be 
so modified that the optimum temperature for the production 
of eggs did not occur at the proper season nor last a sufficiently 
long time, all the animals affected by the change would be 
infallibly exterminated, and the fauna would be utterly trans- 
formed at a single blow. The influence of a rising temperature on 
the eggs already laid, and about to develope after their winter rest, 
would be almost equally important, as affecting the composition 
of the fauna of a country. Before going into particulars, it will 
perhaps be well once more to remind the reader that by the 
words * rising temperature ' I mean, not an increase of heat 
from a fixed minimum to a certain uniform maximum, but a 
rise from any degree above zero to any other, the optimum — 
two points which, as we have seen, have no direct reference to 
the degree of temperature, but only to the mode in which they 
may affect animals. 

It seems to me superfluous to adduce any special instances 
in support of the well-known statement that egg-formation 
undoubtedly begins — in other words, the sexual powers attain 
maturity — under a rising temperature. No experiments, how- 
ever, have hitherto proved how this effect is produced by heat, 
whether heat alone can have that effect, or whether it requires 
other concurrent circumstances ; nor at what degree of rising 
temperature the result is produced in different animals. Several 
observations accidentally made^^ appear to be most happily 
explained by this hypothesis of the effect of warmth, but no 
attempt has been made, on any comprehensive method at any 
rate, to supply an exact answer to the questions to which those 
very observations first gave rise. Thus, for instance, and to go 
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no further, the fact that many animals lay different CpTgs in the 
summer from those they lay in the autumn may be directly re- 
ferred to the difference of temperature at the two seasons, and 
they are accordingly known as summer eggs and winter egga. 
But the formation of eggs certainly does not only depend on 
warmth, but also on food, both aa to quantity and quality, as 
well as on the chemical conditions of the surrounding medium, 
the moisture of the air, and other conditions ; so that it must not 
be assumed ont of hand and as certain that this classification 
(according to the seasons) of the two forms of eggs, which occur 
among Crustacea, Insects, Rotatoria, and others, is invariably 
appropriate; on the contrary, it needs direct experimental 







proof in each separate case, and this, aa I have said, has not 
hitherto been obtained on any comprehensive method. 

In a few cases only have we exiierimental evidence that the 
formation of a particular form of e^s (and mode of reproduction) 
directly results from variations in temperature. Thus, for 
instance, wo know that the Aphis (fig. 30), a family of tho 
Hemiptera well known as the Plant-Louse, sometimes in a 
favourable summer produces as many as fourteen generations 
by parthenogenesis, as tJie eggs then produced do not need ferti- 
lisation by the male. At the beginning of the cold season males 
fii-st make their appearance, and the eggs fertilised by them live 
thi-ough the winter, being known as winter ^gs, till the next 
spring, when the rising temperature deveiopes and hatches the 
embryo, Kow, if the summer Aphides that multiply by par- 
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thcaogf^iuffiiH were not exposed to t)ie effect of cold, bat kept in 
A cDHBtant Rummer lioiit, and at the same time supplied with 
suitable food, no ma'es would occur, and the young would be 
uniiitcn'U])tt.dly prutluced by the partheiiogenetic mode. In 
fact Ht'iiiminr did ».iicceed iii this way in producing artificially 
above fifty partheni^enetic genemtiona in the course of three or 
four yeai-s, all descended from one mother. The converse ex- 
periment has never, ko far as I know, been made — namely, 
whethei- it would be possible to pi-oduce males in the spring by 




artificially lowering the temperatiire, although they do not pro- 
perly appear till later in the year, and thus to diminish the 
normnl number of J-uccessive parthenogenetic (generations in a 
summer. It is highly probable that it might succeed. 

The facts lately communicated by Zeller are no less interest- 
ing. He found that certain pnra,sites, in precise opposition to 
the Aphides we have been speaking of, Diplnzoon paradoxum 
and Polysiomum integerrimum (fig. 31), produce ti'ue e^ in 
? only, which must be fertilised before they can 
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develope, and that the formation of eggs ceases entirely at the 
approach of the cold season. But the production of eggs can 
be artificially prolonged throughout the winter if the fishes in 
whose gills the Diplozoon lives are kept in an aquarium in a 
room where the temperature is kept up to summer heat. It 
must be assumed that in this case, as in that of the Aphides, all 
the other conditions of existence, and the supply of food in par- 
ticular, were kept up to the optimum, for the effect of bad food 
would apparently have made the results of all the experiments 
in question very doubtful. Unfortunately we learn nothing 
from either Reaumur or Zeller on this point, nor are the exact 
limits of temperature given, nor any thermal curves by which 
we may gain some idea of how the production of eggs is de- 
pendent on the variation of the temperature between two fixed 
limits. From the fact that in the brooks and streams, at the 
bottom of which the fish live to which the parasites are at- 
tached, the temperature is considerably lower than that of the 
atmosphere in summer, we may certainly infer that these 
cui'ves of temperature are quite dissimilar for the Aphides and 
the Diplozoa, and that the optimum of temperature for tbe 
production of eggs fit for fertihsation is probably also widely 
different. And thus, again, a selective influence might arise 
from any general change of temperature that might take place, 
and affect the animals of the region where it occurred, since 
the existence of a species largely depends on the normal succes- 
sion of generations. 

"We saw a little way back (p. 108) that the growth of an 
animal is indirectly affected even by the temperature of the 
surrounding medium, since the assimilation of the amount and 
kind of food which is indispensable for growth can only be 
carried on to full advantage under a very different optimum of 
temperature for different animals. In the second place, we are 
also justified in supposing that this optimum for the animal's 
growth is not identical with that for the production of eggs.^* 
If now we recollect that the maturation of the eggs usually 
requires but a short time,^^ while the growth of even veiy small 
animals often takes a long time — ^in Polystomum, for instance, 
several years — it plainly follows that sexual maturity does not, 
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as is often assumed, necessarily indicate the completion of in- 
dividual growth. They may no doubt coincide, but they need 
not ; and instead of being surprised, as is frequently the case, 
at finding that larvae, i.e. animals not yet fully grown, are sexu- 
ally mature — e.g. Salamandra, Siredon, Blatta, and others — wef 
ought rather to wonder that it is only quite recently that such 
cases have been investigated and considered worthy of record. 
An example of this kind, recently observed by me, is offered by 
the land-snails of the Mediterranean province. It is known 
that on high mountains or in high latitudes land-snails are fre- 
quently hindered by the low temperature from assimilating 
within a given time as much nourishment as others of the same 
species living on the plain or in a warmer climate, so that they 
never attain the same size, though they ai*e capable of reproduc- 
tion. In this case it would be possible that the first sexual 
maturity and the last stage of growth might coincide, although 
the mature animal was of a smaQ size. It is quite otherwise 
with the snails of the warm Mediten-anean region. These, as I 
know from my own observations, are brought to sexual matu- 
rity by the time they are six months old by the intense heat 
combined with the sufficient moisture of the spring, though 
they are not fully grown ; after a summer's rest of thi'ee 
months, occasioned by the drought, a second period of egg 
deposition occurs at the beginning of winter, although the full 
size of the animal, as indicated by the completion of the margin 
of the mouth of the shell, is not attained till the second period 
of sexual activity. Thus species of the same genera, perhaps 
even the very same species, in our damp and cold climate, do 
not produce a new generation till they are fully grown, while 
in the dry warm region of the Mediterranean they have pro- 
duced two generations before they are fully grown. This is 
probably the true explanation of what are known in the ter- 
minology of the zoologist as Larva-forms,^^ a na-r.e given to all 
animals which possess the characters of the larvae of other 
species and are nevertheless capable of sexual reproduction. 
Such larva-forms occur in almost every group, in Vertebrata, 
MoUusca, Ascidians, "Worms, &c. A very striking example 
occiirs, among creatures of such high physiological development 
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as ioBects, in the well-tnown walking-stick insects, allies of the 
grasshoppers (fig. 32), which resemble a more or lesa dried-up 
twig or shoot. Many of these sjiecies are wingless, so that they 
bear a wonderful resemblance to the larvte of other, winged 
forms. If then we assiime that the wingless forms are the 
progenitors of winged forms, the origin of the winged forms 
may be very well explained by the further assumption that the 
optimum temperature necessary for maturing the eggs may 
have been raised ao much as to afford more time for afisimikr 




tion and growth, and consequently for more extensive modi£ca^ 
tions of structure. If, on the other hand, we regard the wing- 
less species as the later form and derived from the winged 
species, their origin may be easily explained by assuming that 
the optimum of temperature for the maturing of the eggs was 
lowered, while the optimiim for growth remained the same. 
For we know that in many cases, particularly among insects, 
the life of the individual ends as soon as the eggs are mature 
and deposited, and that the performance of this function seems 
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to absorb their whole vital energy ; thus an animal which vaa 
forced hj such external conditions as we have been supposing 
to lay its eggR while still in the larva stage must alwaye, if it 
dies soon after from exhaustion, produce only such progeny as 
are sexually mature in the larva-form bo long as the conditions 
remidn the same — in thii instance, iiamely, a low optimum of 
tem))eniture for the maturation of the ^gs. 

Wo will here interrupt this chain of hypotheses, since they 
are intTOdueed merely to explain the possible origin of sncii an 
apparently paradoxical sexual larva-form. 




We must, however, briefly touch on another drcumgtance 
which plainly demonstwtes the direct influence which may be 
exemsed by variations of temperature on the giwwth and de- 
velopment of individuals. 

The general effect of a rise of temperature on the develop- 
ment of the embryo and young animal is well known. We know 
that a hen's egg requires for its quickest normal development a 
wai-mth kept as constantly as possible at 40" centigrade; at a 
lower temperature the development will be delayed, while at the 
ordiimry temperatureof asitting-ixmm it ceases altogether. The 
oggs of certain Crustacea, on the other hand, as Apug {Lepidunu, 
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&g. 33) and Branchiptis, can endure much greater variations 
and develope equally well at any point between zero and 30°. 
The difference between the extremes of temperature which, on 
the whole, favour the development of these eurythermal eggs 
(having, that is, a wide range of temperature) is apparently even 
much greater, although even with them the i-apidity of their 
development depends on a rapid rise of temperature to a tole- 
rably high degi'ee.^® Thus I myself have observed the larvae of 
Branchipiis and Apvs, known as Nauplivs, hatched out in 
less than twenty-four hours at a temperature of 30° cent., but 
at 16°-20° they required some weeks. The same effects of 
variation of temperature were observed by Higginbottom in 
the larvfe of frogs; he found that at a temperature of 51° F. 
(=10*^° cent.) they hatched in twenty-one days, but at 60° F. 
(=15*5° cent.) they hatched in ten days. Hence a rise in tem- 
perature of only 9° F. (=5° cent.) doubled the rapidity of 
development of these embryos. The diffei-ence is still more 
conspicuous if we compare the time required in the two cases 
for the whole process of development from the time the egg was 
laid till the metamorphosis was complete. At the lower tem- 
perature of 51° F. 235 days were needed, at the higher, 60° F., 
only seventy-three days. Many other examples might be added 
to these, all proving the same effect of a rising temperature ; 
but unfortunately, so far as I know, none give any exactly deter- 
mined thermal cui've for particular species, and all that |s clearly 
shown by these observations, often merely incidentally made, 
is the fact that the eggs of different, very closely related species 
behave in a totally dissimilar manner. An increase of tem- 
perature in a district, occasioned by no matter what cosmical 
causes, may thus affect some animals particularly favourably, 
while it injures others, since for the former it may merely raise 
it to the optimum, while for the latter it exceeds the maximum 
they can on the whole endure. In this way, by acting on the 
sexual activity and the rapidity of growth in the young animals 
and in the embryo, a transforming influence may be closely 
connected with the selective influence exerted upon the various 
species generally. It would certainly be an interesting and 
valuable task to investigate this point with accuracy. 
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III. The influence of constant temperatures, but at 
different degrees. — We have seen that a fall below the optimum 
of temperature or a rise above it is more or less injurious to the 
animal, according as it ranges more or less near to the fatal 
maximum or minimum. If there were a spot where the heat 
was absolutely invariable, and if the degree of heat there exactly 
corresponded to the optimum for the animal, if also by this 
me».ns the injurious influence of variation were excluded, abso- 
lutely favourable conditions for the Hfe and growth of the crea- 
ture would prevail, so far as warmth was concerned. It is 
evident, however, that very few animals live in such a peren- 
nially equable climate ; none in fact but the parasites living 
inside warm-blooded animals and the creatures at the bottom of 
deep seas and lakes enjoy such an advantage. All others are 
exposed more or less to the effects of great periodical variations. 
Among these, however, those are evidently the most favoured 
which are expo&ed to the smallest deviations above or below the 
optimum. Hence a climate where the mean annual tempera- 
tm^ differs in only a trifling degree from the winter or summer 
mean temperature, or from the extremes of heat and cold, will 
be the most favourable ; such an equable climate may occur in 
high latitudes as well as between the tropics, since its existence 
depends less on latitude than on the configuration of the land, 
the vicinity of the sea, and the predominant direction of winds 
and currents. For example, the eastern half of both the old 
and new continents are distinguished from the western by 
havirg what is called an * extreme * dimate, in which the ex- 
tremes of heat and cold lie far asunder, while England, and still 
more Ireland, are characterised by an extraordinarily equable 
climate as compared with many more southerly parts of the 
continent, which, like the countries of south-eastern Eui'ope, have 
a continental, i.e. an * extreme,' climate, with great heat in the 
summer and severe cold in the winter. 

Before entering on a discussion of the question as to how 
far the theoretically assumed advantage of an equable climate is 
practically real, I must anticipate one view which might other- 
wise be regarded as the inevitable consequence of the foregoing 
statement. It might seem as though it stood in trenchant 
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antagonism to ajiother wliicli is frequently repeated and sup- 
ported by numerous examples, namely, this : That animal life, 
and more particularly the culture of the human race, can only 
attain their highest development in cold climates, although as 
a rule, not without exceptions, these manifest greater varia- 
tions between the two extremes of temperature than tropical 
or subtropical regions. The high degree of culture that obtains 
among European nations is only attainable, so it is said, in the 
region of the north temperate zone. No contradictory evi- 
dence, it is true, is forthcoming. It might indeed be asked why 
humanity has not attained to so high a degree of culture, nor 
the animal world even reached such perfect development, in 
those parts of the southern hemisphere which have a cold or 
excessive climate, as they have done in Europe. But quite apart 
from this objection, which is certainly open to discussion, the 
opportunity afforded by favourable circumstances to some parti- 
cular species of developing every individual to an average degree 
of perfection and fitness on the one hand, and the value which 
greater contrasts in temperature— that is to say, actually un- 
favourable conditions of existence — may have in the modification 
and progressive development of a species still capable of such 
modification, are by no means identical. For it is self-evident 
that the necessity for enduring abrupt alternations of heat and 
cold can only be met by greater powers of resistance in in- 
dividuals and by enlarged powers of adaptation; hence, in 
extreme climates, the selection which will necessarily be effected 
by the violent contrasts of temperature, must, by eliminating 
the weaker individuals, improve the race ; while in equable 
climates, where this mode of selection is absent, the weaker in- 
dividuals (weaker only in this one point) have as good a pro- 
spect as the stronger ones of a long life and of transmitting their 
characters. The two propositions, indeed, do not contradict 
each other, but on the contrary complete each other. A species 
whose individuals are at an end of their capability for under- 
going modification will succeed best in an equable climate, since 
there every individual, without exception, will find an equally 
favourable opportunity for reproduction — supposing of course 
that no other selective agency is at work. But so long as a 
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species is capable of modification, the gi'eatest alternations in 
the conditions of existence will offer the most favourable oppor- 
tunities for its transformation and improvement — thus, in the 
case in question, the utmost variations of temperature — since 
it is in this way that the most stringent selection is effected 
between the weak and the strong. 

Among the numerous instances which here offer themselves 
for discussion, want of room compsls me to select only a few of 
the most significant. One of the first in importance seems to 
me to be a case of which the full value was first recognised by 
Mobius, who also, and apparently with perfect accuracy, referred 
it to its efficient cause. He mentions *^ the fact that the same 
species of Mollusc, living on the coast of Greenland or in the 
Baltic Sea, was in the former instance very large, and in the 
latter small and thin-shelled ; and he attempted to explain this 
difference by saying that the animals in the Baltic are exposed 
to very considerable variations in temperature between the 
summer and winter, and are sometimes even frozen up, while 
on the coast of Greenland they live in a temperature which, 
though of course low, varies but little from winter to summer. 
Hence they are enabled to carry on the assimilation of food at 
an equable rate all the year round, never being distui'bed by 
too great a heat in summer or too severe a cold in winter, while 
those in the Baltic are every year exposed to the liability of 
being checked in their growth by a too high or too low tempera- 
ture in constant alternation. Although the mean temperature 
of the Baltic is higher than that of the sea off Greenland, the con- 
stant low temperature, i.e, the equable climate, of the latter is 
infinitely more favourable to the growth of the animal than 
the higher mean temperature with constant variations of the 
Baltic. 

The numerous cases of successful acclimatisation lead us to 
the same conclusion. So far as I know, the old system is now 
given up in every zoological garden, by which foreign animals 
were kept in houses or cages in which an attempt was made to 
keep up by artificial means such a climate as they were used 
to ; a contrary plan is now introduced, by which the animals 
are accustomed as quickly and thoroughly as possible to the 
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new climate and to an open-air life. Unfortunately it would 
be impossible, without an enormous amount of labour, to arrive 
at any general views as to the results obtained in all the differ- 
ent zoological gardens in Europe; but in general it seems 
beyond a doubt that these attempts have succeeded best where 
the animals were introduced to an equable climate, and least 
well in gardens in the eastern region, where the climate is 
essentially continental, i.e. extreme. The first statement, 
that the acclimatisation of even tropical animals may be suc- 
cessful in an equable climate, though much colder than that of 
which they are natives, has found a striking and in every way 
interesting proof. Mr. Charles Buxton,*® a rich member of Parlia- 
ment, made such an experiment on a vast scale. He kept during 
many years numerous individuals of eleven species of cockatoos 
and tropical parrots in a large glass house ; he then all at once 
gave them their liberty, putting them out into a wood con- 
tiguous to his garden. Being accustomed to be fed at fixed 
hours in the glass house, they came regularly down into the 
courtyard ; but though the house was open to them, with nesting 
boxes to breed or to winter in, they built nests of their own 
accord in hollow trunks, and bred and wintered there, and, 
though exposed to a temperature of 7° below zero centigrade, 
not one died. It must have been a beautiful sight when the 
flock of gaudy parrots came crowding down in midwinter to 
pick up their food on the snow-covered courtyard. Many 
species were propagated, and even a hybrid race was produced 
between a scarlet and a white cockatoo; the young of these 
were distinguished from their parents by a fine orange-coloured 
tuft on the head. In view of the well-known effects of hybridi- 
sation, it would of course be absurd to ascribe this result to the 
cft'ect on the parents of a climate to which they were not 
accustomed ; but it proves that animals which we are wont to 
regard as incapable of living in freedom in our climate, because 
they are tropical species, are not only able to do so, but can 
propagate their kind and effect a voluntary cross-breeding 
which, if it were attempted artificially, would probably not 
succeed even in their native country. However, the climate of 
England is very equable in tempeiatui-e, and it is more than 
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doubtful whether such an experiment would succeed in central 
Germany, for instance, or in the east of Europe. 

Everyone knows that in European countries animal life 
exhibits a very marked periodicity. The greater number of our 
birds quit us in the winter ; many Mammals, Insects, Molluscs, 
&c., hybei-nate in a condition resembling winter sleep ; others die 
off altogether, as Sponges, Bryozoa, many Crustaceans, Insects, 
&c., after laying eggs which survive the winter and are developed 
in the spring. The creatures that live in streams and lakes, 
nay, even on the sea-shore, breed only once, or at most twice, in 
the year, some in the spring or summer, others late in the 
autumn or at the beginning of winter, as the salmon. This 
penodicity depends apparently on the direct effects of the severe 
extremes of summer and winter temperature to which animals 
are exposed when living in temperate continental climates. 
This conclusion is easily proved by the following considerations. 

Eveiy individual requires a certain duration of life to achieve 
its individual development from the egg to sexual maturity 
and full growth ; the length of time requisite for this is very 
various, and, above all, bears no proportion to the size attained. 
Animals grow at very different rates ; the minute Polystomum 
which is parasitic in the bladder of the frog (fig. 31) i*equires, 
according to Zeller*s latest investigations, about five years to 
attain its full growth, while the Apus (fig. 33), a Crustacean of 
much larger dimensions, and Branchipiis reach their full size 
in a few weeks of a warm summer. This length of time, which 
we may generally designate as the period of individual growth, 
is not alike even for all the individuals of the same speciesj 
on the contrary, it depends on the co-operation of so many 
different factors, that it must necessarily vary considerably. 
Now, if from any cause the period of individual growth, say of 
the salmon, became changed in consequence of the slower 
development of the embryo in the egg or of the young larva, 
most or all of the young salmon thus affected would die in our 
climate, because the greater heat of spring is injurious to them 
at that stage; or, on the other hand, an animal which is 
usually hatched during the summer, so as to attain by the 
autumn such a size as may enable it to resist the cold of the 
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winter, would probably die in the winter if its growth during 
the summer were checked by any cause. Thus a climate that 
varies between two remote extremes of temperature must neces- 
sarily give rise to a sharply defined periodicity, by excluding 
those forms which have by nature a somewhat prolonged period 
of individual growth, since these, as the conditions requisite for 
their development are not fully satisfied, must have to contend 
with the temperature which checks their growth. 

The opposite state of things must prevail in equable, and 
above all in tropical climates, whe:^ the variations in tempera- 
ture are reduced to a minimum ; here the periodicity of animal 
life must be to a great extent obliterated, at any rate in so far 
as it depends on temperature. For every individual of a species, 
even if its period of individual growth is longer or shorter than 
the average of the species, can live and multiply if it is never 
exposed to an absolutely fatal degree of heat ; according to the 
laws of inheritance, its progeny will probably have a tendency 
to develope more or less slowly, and so by degrees one individual, 
whose period of individual development is short, may produce, 
let us say, six generations in a year, while another of the same 
species, but of slower growth, may produce only four. In this 
way all periodicity, as regards summer and winter, must be 
entirely lost, and at last fully grown individuals and young ones, 
larvae and freshly laid eggs will all be found together at every 
season and in every month of the year. Such cases, in fact, are 
not uncommon, although they have been but little heeded 
hitherto. Nothing in the Philippine Islands struck me so much 
as to observe that there all true periodicity had disappeared even 
from insects, land molluscs, and other land animals ; I could at 
all times find eggs, larvae, and propagating individuals, in winter 
as well as in summer. It is true that the drought occasions a 
certain periodicity, which is chiefly perceptible by the reduced 
number of individuals in the dry months and the greater numbei 
in the wet ones ; it would seem that a much smaller number of 
eggs are hatched under gi-eat drought than when the air is very 
moist. Even in January, the coldest and driest month, I found 
land snails which require much moisture, and at every stage of 
their development, but only in shady spots, in woods, or by the 
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banks of streams. But what was far more striking in tlies^^ 
islands was the total absence of all periodicity in the life of the 
sea animals, particularly the Invertebrata ; among these I could 
not detect a single species of which I could not at all seasons 
find fully grown specimens, young ones, and freshly deposited 
eggs. Even in cold seas periodicity is far more often eliminated 
than is commonly supposed. Nordmann tells us that he has 
found the eggs of a sea mollusc {Tergipea) at all seasons, even 
in midwinter, when the temperature of the water was only at 
a few degrees above freezing-point ; Mobius *^ states that eggs 
of Mollusca and Worms were found at all seasons of the year 
in the Baltic, and I hope that Dohrn's zoological station at 
Naples may ere long furnish us with a long list of species 
which may be observed the whole year round in all the stages at 
once of growth, larvae, and eggs. So far as I can judge fi*om my 
own observations, which of course are by no means conclusive, 
the Mollusca manifest the least periodicity in their reproductive 
powers. 

The influence of an equable temperatiu^ on the inhabitants 
of the sea is displayed, too, in another manner. It is known 
that in our northern seas the daily vaiiations of temperature 
on the shore, or even at some depth, are not inconsiderable, while 
in tropical seas the variation at the surface even between winter 
and summer heat is not nearly so great — at the Philippines, for 
instance, not more than 2° centigrade ; so small a variation, as 
has been shown by Meyer and Mobius in a remarkable work,*^ 
occurs only at a gi-eat depth in northern seas. It is to this 
apparently that we must i^fer the fact that many genera of sea- 
creatures which are known as boreal forms live in the north at 
great depths, while in tropical seas they live very near the 
surface.*^ In my monograph on the Holothuridse I have shown 
that a great number of genera which we had been accustomed 
to regard as typically boreal were found also in the Philippine 
seas, and lived there at a moderate depth, while in the northem 
seas they were found only at very considerable depths. The 
same seems to be the case with regard to many animal forms 
which are now found at the bottom of the Atlantic, and which 
may be regarded as survivors from a long past geological period ; 
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an inconceivable variety of these fornis was brought to light by 
the ' Challenger ' expedition. A woodcut is here given of one of 
the most beautiful of these species, the EuplecteUa, which belongs 
to the gi'oup of Sponges (fig. 34). Although the results of the 
* Challenger ' expedition have not yet been fully published, so 
that it h impossible to give a complete list of the various deep- 
sea forms and their distribution vertically in depth, it seems to 
be tolerably certain that they have a much wider vertical distri- 
bution in tropical seas than in northern oceans ; in the north, 
for instance, no Euplectella nor any allied form of sponge — six- 
rayed Siliceous Sponges — has been found in a less depth than 
300 fathoms, while in the Indian Ocean they are common in 
100 fathoms or less. Thus the higher temperature of the water 
to which these cold-water animals^* are exposed in tropical 




Fig. M.— Euplectella AspergiUum^ a siliceous sponge of a group which consists mostly 

of fossil forms. 

seas is in no way prejudicial to their existence ; and this can 
only result from the fact that these animals are better able to 
bear a difference of temperature, so long as it remains equable, 
than variations between two extremes lying far apart, and to 
which they are more or less suddenly exposed. 

Here, in conclusion, we must briefly discuss an application 
of the foregoing statements and arguments to Palaeontology. 

It is genemlly a.ssumed that we are justified in attributing 
to extinct animals a mode of life analogous to that of the nearest 
related surviving forms. But, in the first place, it is often 
extremely difficult to decide what may have been the nature of 
the affinities between extinct and living animals, and it cannot 
be disputed that, in instituting such comparisons, we are often 
obliged to judge by characters which in no way waiTant our 
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forming any decisive conclusion. For instance, far too much 
value lias been attributed in this way to the in-operculated Terres- 
trial Mollusca (Pulmoni/era) -y for, in my opinion, it is absolutely 
impossible to form any opinion as to the affinities of extinct 
animals by comparing their shells, which are all that remains of 
them, since recent investigations as to living Pulmonifera show 
that very often species of the same genera have quite dissimilar 
shells, while, on the other hand, the shells of many species belong- 
ing to quite distinct genera, or even to diflferent families, are so 
much alike, that until quite recently they have been considered 
as species of the same genera. I shall enter more minutely into 
this subject somewhat later on. 

Even if we were prepared or obliged to admit that the fossil 
remains in every instance allowed us to determine the affinities 
of tlie species to living animals with absolute certainty — and 
not in the case of Veriebrata only, but in the 'Invertebrata also 
— still we might assert, and defend the position with success^ 
that the extinct species need by no means necessarily have 
lived under the same climatic conditions as those forms which 
are now regarded as their nearest living allies. For we have 
seen that animals which in separate spots are stenothermal 
(endui'ing but a small range of tempei-ature) are able to exist in 
very dissimilar temperatures when the whole extent of their 
distribution is taken into consideration; thus EvplecteUa and 
Semper ella live in a constant warmth of about 15° in the 
Philippine seas, while their nearest congeners can thrive in other 
localities in so low a temperature as 1° above zero, which is the 
temperature of great depths in the Atlantic. We have seen, 
moreover, that animals, as parrots, which live almost exclu- 
sively in the tropics under a mean annual temperature of 26** 
to 28° with a variation of from 6° to 8° at most, can never- 
theless subsist in the open air in England, multiply, and even 
produce new 'sports' or varieties, although lidng in a mean 
annual temperature of only 12° to 13°, with a variation between 
the extremes of as much as 17°. Thus the occurrence of a 
parrot or of Siliceous Sponges and Crinoids in any geological 
stratum in high latitudes is not a convincing proof that a 
tropical climate prevailed during the deposition of that formation. 
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Eurjthermal animals are of even less value in forming an 
opinion on the subject, since it is well known that they are 
especially characterised by the extraordinary adaptability that 
they sometimes display to very different and remote extremes 
of temperature. If we aro bent on reconstructing the mode 
of Jife of fossil forms, and their climatic conditions of existence, 
by comparison with allied living forms, land-animals must be 
decidedly preferred to water- animals ; but even these, as it seems 
to me, offer absolutely no certain evidence. At most this mode 
of comparison can only apply when the fossil and living ani- 
mals are so closely similar that we are forced to regard them 
as identical. This is known to be the case with the animals of 
what is known as the Glacial Period ; but, as soon as we reach 
the deeper strata, and the identity of the species with those now 
living ceases, our right to construct a theory of the climate of 
past epochs by a comparison of fossil and living species entirely 
disappeai*s. The very generally received opinion that such a 
reconstruction is possible rests in part on the old, but abso- 
lutely false, idea that certain absolute degrees of warmth, and 
particulai'ly the mean annual temperature, have a definite effect 
on the life of animals ; and, secondly, on the indisputable fact 
that the climatic difference of two countries always goes hand 
in hand with a dissimilarity in then* fauna. But it ought not 
to have been forgotten that the daily and annual variations of 
temperature are not the only means which Nature has had at 
her disposal for the selection of species and the geographical 
limitation or distribution of particular forms in successive 
geological periods ; it ought to have been duly considered that, 
when a change of temperature is introduced in any locality, the 
influence, whether favourable or unfavourable, that it may have 
on the mode of life or even on the existence of the animals 
may often be completely neutralised by the effects** of other 
conditions of existence in no way depending on the temperature 
and its variations. 



140 TUE INFLUENCE OF INANIMATE SUBBOUNDINGS. 



CHAPTER V. 

THE INFLUENCE OF STAGNANT WATER. 

The media surrounding the animal, and in which it lives, are 
sometimes gaseous, as the atmosphere, sometimes fluid, as the 
water of the sea or of rivers, sometimes even solid ; these last, 
as earth, wood, stone, &c., may be considered as absolutely 
motionless with regard to the animal, since they can only influ- 
ence the creatures that live in them by their varying hardness 
or their chemical changes. Gaseous or fluid media cannot be 
regarded as perfectly inactive ; they are capable of certain swift 
modes of motion, known as currents or as winds. Hence we 
are compelled to investigate the influences of water and air on 
the animals that live in them under two separate heads, ac- 
cording to whether the air or water is stagnant or in motion, 
since they influence animals quite difierently in these two dif- 
ferent states. Moreover, we must separate our enquiries as to 
the efiects of air from those as to the efiects of water, for they 
affect the animal world very differently. I shall begin the dis- 
cussion of the whole subject with such facts and experiments as 
illustrate the selective or transforming influence of stagnant 
water. 

I. General preliminary remarks. — Water is an indispen- 
sable condition of animal life. A frozen-up frog, fish, or egg .of 
an insect is leading only a latent, not an active life. In pro- 
toplasm, the essential living constituent of every animal cell, 
there is a great quantity of water; if it is all extracted by 
drying, the cell ceases to live. The old statement is well known, 
* Corpora non agunt nisi fluida.' But the imiversal efiects of 
a condition of life which is equally indispensable to a single cell 



COMPOSITION OF SEA-WATER. 141 

and to a whole organism are of no particularly prominent in- 
terest to the question we are discussing ; on the other hand, it 
will be necessary to investigate a number of special instances 
of the effects of water more closely, in order to be able to 
contrast those cases in which it gives rise merely to a selection 
between different forms with others which prove that its in- 
fluence is also capable of causing a true transformation. Few 
as these latter cases are, for that very reason they have special 
claim on our interest. 

II. Effects of the chemical composition of the water. — In 
proceeding to investigate these, it will be well in the first place 
to direct our attention to two extreme cases — to the influence, 
that is to say, of fresh and salt water. 

The salt savour of sea-water is occasioned, as is well known, 
by the presence of a tolerably large proportion of sodic chloride, 
generally known as common salt. When we speak of the 
effects of sea- water on animal life, they are usually ascribed to 
this salt. Still, as many other substances are found in the sea 
besides sodic chloride, such as calcium salts, magnesium salts, 
bromine, iodine, and other metals, carbonic acid, &c., it is to 
be supposed that these are not wholly without importance in 
the economy of animal life in the sea. But we do not know how 
great their effects may be ; and as we are now perfectly accus- 
tomed to attribute all the differences which have been observed 
in the effects of sea-water, as distinguished from fresh water, 
simply to its saltness, and to express the difference between 
them in fractions per cent, of the amount of sodic chloride 
held in solution, we will follow the usual custom in our enquiry, 
without forgetting that at the same time numerous other 
matters add their effects, though these are unknown, to those 
of the pure sodic chloride. 

At the first glance we might feel inclined to explain the 
fact, that a much gi-eater multiplicity of forms prevails in the 
sea than in fresh water, by the supposition that the salt in the 
ocean favours the production of variety in animals. It is 
known that in recent times whole groups of animals are wholly 
excluded from fresh waters, as the Echinodermata, Sipunculidse, 
polychsetous Annelida, Tunicata, Brachiopoda, and Cephalopoda, 
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while other groups include very few fresh- water species; to 
these last belong the Sponges, of which only one genus, and the 
Polyp ; (Ccelenterata), of which only two genera, inhabit fresh 
water ; besides these, two families of Bryozoa and two of Annelida 
are fresh- water forms. Other groups, again, have as many repre- 
sentatives in salt as in fresh water. On the other hand, only 
one single class inhabits fresh water exclusively, the Amphibia. 
If we consider the smaller groups, families, or genera, we cer- 
tainly meet with several typical fresh- water forms ; to these 
belong Melania, Neritina, the Planorhidce, LymnceidoB, Unio- 
nidcBj and Anodontidoe, among the Mollusca ; the Astaddcs and 
Asellidce among the Crustaceans; PhylactolcBmata among the 
Bryozoa ; the true leeches, Naididas, Tubi/ex, and Ckcetogaster, 
among the Annelida; the Gyprinoidce among the fishes, &c. But 
their number is insignificant compared with the enormous number 
of families typical of the sea and living in it exclusively. 

Thus the fact that a much greater abundance of diflferent 
forms is to be found in the sea than in fresh water is abso- 
lutely beyond dispute. But it is doubtful whether this wealth 
of forms does actually result, as has been supposed, from the 
great quantity of salt contained in sea- water. The possibility 
that it is so must of course be conceded, and I shall even 
adduce certain facts which tend to prove the justness or the pro- 
bability of this view ; but it must not be forgotten, in the first 
place, that the sea covers three-fourths of the surface of the 
globe, and so offers an infinitely wider surface for the develop- 
ment of animal forms than is offered by fresh-water lakes and 
streams. This circumstance alone would account for the greater 
multiplicity of the marine forms. In the second place it must 
not be forgotten that the animal life on our globe apparently 
originated in the sea, and that therefore the oceanic world of 
animal life has had a history of development of much longer 
(geological) duration than the fresh-water fauna ; thirdly, that 
the influence of natural selection in fresh water is much stronger 
than in the sea, if only by reason of the abrupt variations of 
temperature ; and finally — if we assume that animal life origi- 
nally took its rise in the pea — that only such sea-creatures 
could accustom themselves to living in fresh water as were 
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good swimmers, and as were eurythermal, and that they 
must not have been subjected to the injurious influence of a 
sudden change of food and sudden transfer to the salt elements 
of sea-water. It is commonly said — to give one special in- 
stance — that the rich variety of forms in the fauna of the Red 
Sea and the Mediterranean is caused by their high degree of 
saltness. The former is 4-31 per cent., and the second 3*79 per 
cent., at the surface ; but this leaves out of account the fact 
that a merely superficial current pours in incessantly through 
the narrow straits which, in each case, divide the sea from the 
adjoining ocean, while a contrary current at the bottom of the 
sea carries the waters of the inland sea back to the ocean. 
Since, therefore, most swimming creatures, and particularly the 
larvae of non-migratory animals, swim close to the surface, many 
more creatures in both seas must bo brought in than are 
carried out, and thus the rich variety of forms in them may 
certainly quite as likely be caused by the direction of these cur- 
rents as by their greater saltness. 

In the total absence of all experiments directed to these 
points, we may set aside such vague speculations and pass on 
to the discussion of those facts which seem to prove that no 
perfectly hard and fast line of demarcation exists between 
fresh-water and marine animals, and that it is not absolutely 
impossible to accustom them to live in the element to which 
respectively they are strangers. The general importance of 
this question requires that we should enter into particulars. 

A. Fresli-water animals that live in the sea. — ^We are ac- 
customed to give the name simply of fresh-water animals to 
such groups, species, genera, families, or orders, as live exclu- 
sively or almost exclusively in fresh water. It is evident that 
if they were to migrate into the sea they would be exposed to a 
certain effect from the salt, and it may even be supposed that 
this effect might be injurious and strong enough to make it 
quite impossible for a fresh-water animal that had migrated into 
the sea to continue to live. However, there are a great number 
of so-called fresh- water forms which do actually live in the sea, 
some as visitors and some as constant inhabitants. It can 
bardly be necessary here to remind the reader of the well-known 
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migratory fish — the salmon, the eels, many herrings, plaice, and 
others. IMore interesting, because less generally known, ai*e 
the cases of marine Insects or insect larvse. Slabber has de- 
scribed the larva of a fly which lives in the sea, and I myself 
frequently met with a similar one in the Philippine and China 
seas ; Audouin studied the habits of a beetle {Blermisjlavescens) 
which lives in the sea like the fresh-water spider, Argyroneta 
aqnatica ; Packard has given a list of the insects which occur in 
the salt waters of North America, and he enumerates as be- 
longing to them not less than ten different species of beetles, 
flies, and bugs. In the Pacific Ocean and Philippine Sea, I have 
myself often found various Insects and even Spiders in the sea, 




Fig. Zb.—IIalohates sp., cauglit by me far from land In the Cliina Sea. 

sometimes swimming in great numbers on the surface, some- 
times creeping between rocks under water by the shoi-e. A bug 
of the genus llcdohates (fig. 35) is particularly common in these 
seas, besides the above-mentioned larvae of flies. This genus was 
discovered by Eschscholtz, and now includes fourteen species 
living in seas the most remote from each other. The species in 
question runs about like our Water-Bug, Hydrortietra, in great 
numbers and in every stage of development, on the high seas 
hundi-eds of miles from land. Among MoUusca a species of 
Unio lives in the Brisbane River within reach of the flood-tide. 
Dr. Carpenter found Planorhia glaher (JeflTi-eys) at a depth of 
1,415 fathoms at Capo Teneriffe. Keritinaviridis^ in the West 
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Indies, has long been known, which, like Neritina Matonia. 
(Eisso) at Nice, lives in the sea. I brought a great number of 
marine Neritinse from the Philippines, the Pelew Islands and 
China, which from their variations are of the highest interest. 
I have also found a few species of Melania in brackish water ; 
several species of Lymnoea and a Neritina live at Bornholm in 
the Baltic, in spots where the water contains from 1 to 1*5 per 
cent, of salt. The Oligochaetous Annelida, to which the earth- 
worm belongs, are typical fresh-water or land forms ; neverthe- 
less, at least nine or ten species are known which live on the 
sea-shore in salt water ; they belong to the genera Sceiiuris, 




Fig. 36. —Pachydrilus sp., living in the Salines of Kissingen. It belongs to a group of 
worms, Oligochceta, which is principally confined to fresh water, 

Enchytrceus, Tuhifex, and others. Marion, at Marseilles, has 
discovered a new genus nearly allied to the common earth- 
worm, which he has called PontodrUus ; this worm lives there 
under stones and decaying tangle, far from all fiesh water, and 
below high-water mark, so that it is apparently alternately 
moistened by salt water .nnd fresh (rain) water. In the very 
strong brine springs of Kissingen, I myself have found a new 
species of the genus Pachydrilus (fig. 36), of which ClaparMe 
found another species — on which he founded the genus — in the 
brine of Kreuznach ; they are remarkably near to the fresh- 
water form, Txihifex. Finally, I will mention that the common 
stickleback, Gasterosttua acideaiua, which usually lives in 
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fresh water, lives and thrives pei'fectly in the Bay of Kiel as 
well as in the North Sea, and specimens of this fish, caught at 
Wurzburg in the month of May, were even placed at once in 
sea- water without sustaining any injury. ^^ 

B. Marine animals in fresh water. — Cases of this sort are 
just as frequent as those we have just been discussing, and 
occur among both the Vertebrata and Invertebrata. Among 
the Yertebnita we must first mention the American Manatus, 
which lives in the great rivers of South America, hundreds of 
miles from the sea ; then a true dolphin of the genus Globioce- 
phaliLSj which is found far inland in the Irawady river, 600 
miles from the sea, and which is quite different from Glohioce ■ 




Fio. S7.-/*/rt/«rtMrtt/crt«/ct/«, a water-snake livingin the fresh-water lake of Taal (Luzon), 

aiicl Iiaving a paddle-like tail. 

phalus indicusy which lives in the Indian Ocean. Among the 
reptiles the family of llydrophidce contains only sea-snakes, 
which are very common in the seas of the eastern hemisphere, 
and are often found there swimming in the high seas ; it is only 
at breeding-time that they go to land.'^'^ The only exception to 
this rule is found in a new species — here represented for the 
first time — of the genus Platurus (fig. 37), which I myself dis- 
covered in the fresh-water lake of Taal in Luzon, which is 
famous for its still active volcano ; it is true that this lake is 
connected with the sea by a not very long river. Together 
Arith this snake and associated with typical fresh-water forms — 
as Neritinaj Melayda, Palcemorij etc. — other marine animals are 
found , such as Pristis Perrotteti (the saw-f sh), which is very 
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common also in the magnificent Laguna de Bay near Manila. 
Sea-fishes, which normally live also in fresh water, or which 
thrive well when introduced into it, are by no means rare ; 
thus Peters found Rays deep in the heai-t of East Africa ; the 
Lake of Acqua, near Padua, which is of piu'e fresh water, has 
become famous by the success of an attempt made there to breed 
sea-fish — Mugil (the gi-ey mullet) and Lahrax (the basse) — in 
great numbers for the market. Among the Invertebrata such 
cases are yet more common. Palcemon, a genus of Crustaceans 
which inhabit fresh water almost exclusively, belongs to a 
family which generally includes none but marine animals ; 
various species of this genus live in rushing mountain streams 
in the Philippines, and are found at an elevation of 4,000 feet or 
more above the sea. In the branchial cavity of this Crustacean 
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Fig. 38.— Bopynts Mcendm. a, the lower ; b, the upper side. It lives in tlie gill cavity 
of Paleemon oriiatui (Oliv.), and is found witli it ascending fresh-water streams at a 
lieight of 4,000 feet above the sea. All the other kuown species are marine. 

lives a species, as yet undescribed, of the genus Bopyrus (fig. 38), 
which I have named Bopyrus ascendens. It is the only fresh- 
water form hitherto known, while the other very numerous 
species live exclusively in the branchial cavities of sea crabs. 
Aucapitaine states that a true Cyprcea — the species known as 
the money-cowry — is caught in the interior of Africa, near 
Timbuctoo, in quantities by the natives ; various molluscs of 
the family of ship-borers — Nausitara Bunlopi (Wright) and 
Teredo senegalensis (Blain.) — and of the Pholadidae — Martesia 
rivicola — live in the rivers of India and Java, while all the 
other species of these families are true marine creatures. I ate 
oystei'S (fig. 39) at Basilan in the south of Mindanao, which, 
although they had a salt flavour and were indeed bathed 
by brackish water at high tide, yet at ebb tide were surrounded 
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by a rapid stream of pure drinkable fresh-water, and opened their 
shells to it. Munj maiiue Bryozoa occur also in fi-esh water. 
Among the Annelida the case seems to be rarer, and I have 
only been able to find one instance mentioned in books by 
Leidy, who discovered a worm, Manayvnkia, belonging to the 
Cephalobranchiata, in the Schuylkill Eiver, near Philadelphia, 
The Nemertino worms, so common in the sea, have only one 
representative in fresh water of certainly a very divergent form ; 
of Sponges we find oidy one genua, SportgiUa ; of the Hydroids 
only two. Hydra and Cordylopltora (fig. 40), which, in the course 
of time, have become true fresh-water animalB.** 
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C. The effect of the different percentage of salt in the 
water. — The ca-^es adduced above prove that it is often impoB- 
siblc to distinguish, by systematic char^icters alone, whether an 
aiiiiiiul is fresh-water or mai-ine, since there arc many spedes in 
fi-esli writer whose nearest allies live in the aea, and vice versa. 
Tlioui-etioally, then, we must admit that there is no genrasl 
and insuperable impossibility that they should exchange their 
life in one medium for that in the other. But this theoretical 
possibility ia not, so far as we know, universally practical ; 
for whole giwup?— as the Bnichiopoda, Siiiuncididie, and 
Et'hiuoilermata — have hitherto been found only in the sea. 
The question now is : What Gauss's have prevented or still pre- 
vent a transfer of marine animals from sea-water to freah 
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water, or vice versa, from actually taking place much more fre- 
quently? 

I have already indicated that very often the strength of the 
current in a river, or the surf at its mouth, its temperature or 
the kind of food it affords, must cause quite as great hindrances 
to the passage of a marine animal into the fresh water as the 
necessity for subsequently living in water devoid of salt. Thus, 
for instance, the remarkably tender bodies of the larvae of the 
Echinodermata, Ascidiae, sea-anemones, Hydroid polyps, and 
others, are scarcely fitted to overcome such impediments ; so that, 
even under the assumption that they might be capable of living 
in water without salt, their transfer into fresh water seems to be 
almost impossible; and this is still more probably the case 
when the fully grown creatures — such as Ascidians, Corals, 
Polyps, and others — do not move freely on the sea-bottom, but 
are permanently attached to it. But if we now leave out of 
the question the other influences which are often combined with 
the variable amount of salt in the water, and which shall be 
discussed in another place, we have in the first place to deter- 
mine the optimum as well as the extreme proportion of salt in 
the water which may be advantageous to different animals, so as 
to be able to estimate how far variations in its saltness may have 
a selective influence on those living in it or migrating into it. 
Secondly, we must deal with the question whether and how 
far an alteration in the salt contents of the water is capable 
of directly modifying the morphological characters of a species. 
But first of all we must ascertain the mode by which the 
salt held in solution in the water penetrates to the interior of 
the body, where alone it can produce any effect. 

Claude Bernard has proved that salt, when in solution in 
water, can penetrate the body of an animal without the 
creature's agency, merely by the endosmotic action of the skin. 
If a frog is placed in a vessel in salt water, in such a posi- 
tion that it cannot swallow any salt, it will nevertheless be 
found that its body soon contains salt. If it absorbs more 
than it can bear, it will die, and its death will ensue all the 
sooner, the stronger the solution is in the first instance. In 
order to determine what is the minimum percentage of salt 
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that is, on the whole, injurious to the frog; I made a variety 
of expariments in the following manner. To prevent the 
creature from swallowing, and so dying of suflPocation, I tied 
it to weighted sticks in such a way that it was unable to dip 
its nose and mouth into the water, even when its head began 
to sink from weakness of the muscles. A great number of 
frogs were placed in different vessels, each containing the same 
quantity of water with various, but known, amounts of salt in 
solution ; death was assumed to have taken place when the eye- 
lids of the frogs no longer reacted under irritation, and did not 
recover their sensibility after the creature was taken out of the 
salt water and washed in fresh water. By this I found that a 
frog commonly died, on an average, in about two hours and a 
half in a solution of five per cent, of salt, in three hours in 
three and a half per cent., in almost seven hours in two per cent., 
and not before more than twenty-four hours had elapsed in one 
and a half per cent. They all, ^\rithout exception, endured a solu- 
tion of one per cent, without sustaining any injury ; that is to say, 
they lived as long in their very uncomfortable position as other 
frogs which were fastened up in the same way in pure fresh 
water — namely, from three to four days. It remains still doubt- 
ful, therefore, whether a frog cannot really live just as well in 
water with one per cent, of salt in it as in fresh water. I have 
not made any experiments on this point. But near Greifswald, 
on the Baltic, frogs live and spawn, as I have learned from my 
assistant, Dr. Braun; so it is highly probable that a solu- 
tion of one per cent, of salt in the water is about the limit of 
where it begins to be injurious to frogs. Similar experiments 
have been made by Plateau on aquatic Articulata, and he seems 
not to entertain the slightest doubt that in this case also the 
salt penetrates through the skin ; although, when the animals 
are completely immersed in the water, imbibition through the 
mouth does not seem to be excluded. But as aquatic Articulata 
cannot die of suffocation so long as the water contains a suffi- 
cient quantity of air, or as the animal is allowed to rise to the 
suiface to breathe, this question is of no practical importance to 
us. The most important result established by the above-men- 
tioned experiments, and by Plateau's, is this : that the behavioiu* 
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of different animals under the effects of the same degree of con- 
centration in the salt solution is by no means identical ; the 
maximum of strength which is perfectly innocuous to the 
frog is about one per cent., while the stickleback can bear from 
two to two and a half per cent. ; migi'atory fish, as the shad, 
salmon, eel, &c., have still greater powers of resistance, as they 
can bear as much as from three and a half to four per cent, of 
salt in the water.*^ 

It results from this, that the difference in the osmotic action 
of the skin in different animals, and the various degi'ees of re- 
sistance to the amount of salt absorbed into their tissues^ con- 
nected with such a difference, do, in a certain sense, cause and 
maintain the distinction which prevails between the fauna of the 
ocean on the one hand, and that of rivers and fresh-water lakes on 
the other. We may assume that the absorption of salt is most 
rapid in animals with a soft skin ; we are not surprised when 
we find that the soft gelatinous Medusa is almost instantane- 
ously killed on coming into contact with fresh water, while 
crocodiles with their strong and horny scaly covering, through 
which salt, as it would seem, cannot penetrate, can live equally 
well in the sea and in fresh water. Between these two extremes 
the gradations are infinite. Every variation in the amount of 
salt in fresh or salt water must therefore influence the animals 
living in it in a different manner ; some will be killed, others 
checked in depositing their eggs or hindered in their growth, 
while others will bear the change without any injury. It would 
be a very interesting problem to determine by exact experi- 
ments a curve showing the resistance of different species to the 
absorption of salt by the osmotic action of the skin. 

Unfortunately hardly any such experiments are on record ; 
but the few that are before us offer so much that is of interest, 
even under the scarcely exhaustive treatment they have met 
with, that we must hei*e go into them somewhat more closely. 

In the first place an experiment must be mentioned which 
Nature herself has made on a certain Polyp. It is, so far as I 
know, the only example of an animal that can be proved to 
have originally lived in the sea, or in brackish water, and 
which, within our own time, has gradually accustomed itself to 
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live in pure fi-esh water. AVhen I was still a student, Cor- 
ilijlophorii liciMlrie (fij;. 40) was foiind only in estniiples and iit 
tluf mouths of rivei'S where the water was at any rate ocea- 
HiDnally xalt or brnckiHlt ; it was discovered almost simul- 
taneously in England and Belgium, and somewhat later I 
found it in the Schlei, nejir Schleswig. Since that time, 1854, 
the animal hiis in "many places migrated into rivei-s; it has 
already reached the Seine at Paris, and has got into the fresh- 




wator aquarium of the Jardin des Plantes there, where it if 
said to 1)0 very common. Its migTiitions in the Elbe were atill 
mom remarkable. After reaching Hauibui^, and even, if I am 
not mistaken, finding its way intn the Alster, it took possession 
at the same time of the gi-eat watei--pi]icfl of the city. In which 
it lived, associated with the well-known bivalve, ])reis»ena 
pohjmorphn, in sncli enormous quantities as to impede the flow 
of watci- thi-ough the pipes. This ease is the more interesting 
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because the Cordylophora is a quite soft animal of the Polyp 
group, and yet it could quickly become accustomed to a 
diminution of salt in the water which would, beyond a doubt, 
entirely destroy many apparently stronger animals. It would 
probably be of much assistance and interest to compare ex- 
amples of Cordylophoiu from different localities, to see whether, 
perhaps, the variations in the mode of life have not given rise 
to some variation in the structui*e of the animals living under 
different conditions. This point has not, so far as I know, 
hitherto been closely investigated. 

Only three series of experiments are known to me, which were 
made under artificial conditions, with the express purpose of 
determining what animals could bear a transfer from salt to 
fresh water and vice versa. The experiments made long ago by 
Beudant have never hitherto been repeated. He found that 
various fresh-water molluscs were quickly killed if they were 
suddenly transferred from fresh water to the concentrated salt 
water of the Mediterranean : but when he increased the amount 
of sfilt very gradually he obtained very different results. He 
b^an in April by putting animals into water which contained 
only one per cent, of salt, and by September, by gradual addi- 
tions of salt, he had brought it to a solution of about four per 
cent. Species of the genera Lymnoea, Physa, Planorhis, and 
Ancylua, lived in this salt water as well as in pure fresh water, 
while oi Paludinavivipara, Bythinia tentaculata, and Neritina 
flui>iaiili8, a much gi-eater number of individuals had died in 
the salt water than in the fresh water. Of bivalves — Unio, 
Anodonta, Cyclas — every specimen had perished before the 
water had reached its highest strength of four per cent. He 
subsequently conducted the experiments in the inverse order 
at Marseilles, placing true marine animals in fresh water. He 
then found that a sudden transfer killed almost every species, 
while giudual additions of fresh water to the salt were borne 
by many species, till in the course of a few months it had become 
perfectly fresh, so that finally true marine animals were living 
with Lymncea and Planorhis. The edible mussel seemed par- 
ticularly resistent, for not one single specimen perished tli rough- 
out the whole duration of the experiments. Of 610 indivi- 

8 
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duals of various species which were gradually accustomed to 
fresh water, only 37 per cent, died, while of a corresponding 
number which were kept at the same time constantly in sea- 
water 34 i)er cent. died. Thus the percentage of mortality in 
the group of animals that were gradually accustomed to a 
foreign element was only three per cent, higher than in those 
which remained in their natural element. Certainly it must be 
considered that this result was due to the circumstance that 
certain species — as Mytilua — remained altogether unaffected, 
while others died out entirely. For further details I refer the 
reader to the note.^® 

We perceive from these experiments of Beudant's that some 
species of Molluscs can live equally well in fresh and salt water, 
although they may be exclusively fresh-water or marine forms. 
Unfortunately the experiments have not been carried out far 
enough for us to be able to draw any far-reaching conclusions 
from them. Beudant, it is true, proved that a fully grown 
Mytilua could be accustomed to fresh water, but not that it 
could multiply in it. Granting that a gradual transformation 
of the salt water in the Baltic into fi^esh water could take place, 
according to Beudant*s experiments a number of full-grown 
or half-grown animals might become accustomed to the fresh 
water ; but the species might nevertheless very possibly die out, 
particularly if their eggs and larvae wei^ not equally capable of 
surviving in fresh water. In the quaternary period numerous 
oyster-beds existed in the Baltic which have since then entirely 
disappeared ; ^' and yet the oyster belongs, according to Beudant's 
tables, to those forms which are able to live almost as well in 
pure fresh water as in salt water. The extinction of the oyster 
in the Baltic may have resulted, as must certainly be admitted, 
from a variety of causes ; but in view of the total absence of 
all means of proof we must not reject as unfounded the 
assumption that it was caused by the incapacity of the young 
oyster-larvae to withstand the injurious effects of the diminution 
of salt in the Baltic. 

Plateau went somewhat further than Beudant in his re- 
searches on the aquatic Articulata. His experiments on the 
common Water-Louse {Aaellus aquaticus) are particularly Jntorest- 
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ing. By accustoming fully grown specimens of this species to 
water to which he constantly added salt, he brought them to 
live and lay eggs in pure sea-water. The young sea-lice bom 
in fresh water died much sooner, according to him, than the old 
<mes, when both together were suddenly transferred to sea- water. 
While the young fresh- water lice lived only &ye hours when 
put into sea- water, the young ones which had been born in water 
already salt lived about 108 hours. Whether they died for 
lack of food or £i*om the effects of the salt is not determined. 
But even if we arbitrarily assume that the salt was in this case 
really the cause of death, it nevertheless results from the data 
above given that at any rate the injurious effects of the salt aro 
different at the two different ages of the same animal ; and, 
secondly, that the injurious effect on young individuals can 
be materially diminished when the older and sexually mature 
individuals are accustomed to the strange element and breed 
in it. These experiments, as well as those of Beudant, ought to 
be repeated in a methodical manner ; but, imperfect as they 
are, they teach us that many aquatic animals can be accustomed 
to a foreign medium, and can even propagate in ib. Now, 
although, in consequence of the imperfection of these experi- 
ments, no extensive application of this conclusion is possible, 
they still allow of our propounding the view that it can no 
longer be said to be impossible to accustom certain fresh-water 
species perfectly to live in the sea, or, on the other hand, 
marine species to live in rivers or lakes. 

A still higher interest attaches to the recent experiments of 
Sehmankewitsch. The fresh- water Crustacean, Branchipus stag- 
nalia (fig. 41, a) is remarkably hke the Artemia salina (fig. 41, 
h)f one of a genus otherwise found exclusively in the salt lakes 
of America, Europe, and Africa. Nevertheless the differences 
between them have always seemed sufficiently conspicuous to 
justify their separation into' two different genera ; these are cer- 
tain dissimilarities in the shape of the antennae of the male, and 
the number and form of the posterior segments of the body, of 
which A rtemia has but eight while Branchiptcs has nine. ^^ There 
are numerous species oi Artemia in Europe. The most unlike are 
Artemia aalina and A . MUhauaenii ; the latter is distinguished 



156 THE INFLUENCE OF INANIMATE SURBOUNDINGS. 

by the absence of spines on the lobes of the tail, the small size 
of these lobes, and the relatively large size of. the branchial 
appendages of the legs. Schmankewitsch showed that it was 
possible to raise a brood of Artetnia MilhaU'Senii from Artemia 
salina, which lived in salt water of 4° Beaura6, by gradually 
raising the percentage of salt to 25° B. This transformation 
occurs very gradually, and only in the course of several gene- 
rations. He observed the same process also in a free state of 
nature. A dam which divided a lake containing salt water of 
4° B. from another where the water marked 25° B. gave way, 
in the year 1871, so that the density of the water in the lower 
lake fell to 8° B. At the same time numberless individuals of 




Fio. 41. — a, Branchipus stagnalU ; d, Artemia salina, 

Artemia salina were carried through to the lower lake by the 
flood, and there they soon settled and propagated. After the 
dam was repaired the saltness of the water in the lower lake 
naturally increased again; in 1872 it had risen to 14° B., in 
1873 to 18° B., and by the end of September 1874 it had reached 
its old mark of 25° B. During this period the Artemia salina 
that had migi-ated had gradually become transformed into 
Artemia MUhausenii. The stages of transformation, as they were 
actually successively observed one after another by Schmanke- 
witsch, are here given in a woodcut (fig. 42) copied from 
Schmankewitsch's drawing. 

He also conducted the converse experiment with perfect 
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SQCceeB, for he brought Artemia MUhauaenii back to Artemia 
tatina by breeding successive generations in salt ^ater which 
he made weaker and weaker. Now the differences between the 
two species are so great that no zoologist had previously cast 
any doubt on the accuracy of classing them as two species. 




end with all the more reason because each seemed to exclude 
the other; Scbmankewitsch's experiment has nevertheless 
proved their relationship, and also explains very simply the Fact 
that they never occur together. It is merely the constancy of 
the external conditions of life— the greater or less saltness of the 
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water — which in one case determines the character of Artemia 
MUhauaenii and in another that of Artemia salina. But 
Schmankewitsch was so fortunate as to be able to carry the 
experiment still further. He kept Artemia salina in salt water, 
which he constantly diluted by adding fresh water, till at last 
it was perfectly fresh; the Crustaceans had meanwhile gone 
through several genei*ations, and had gradually so completely 
changed their character that finally they had acquired those of 
the genus Branchipvs. 

These discoveries are certainly of the greatest interest ; for 
they afford a proof we can scarcely doubt, that a change in the 
amount of salt contained in the water can produce a regularly 
recurring and very conspicuous modification of the specific and 
even of the generic characters of certain animals. Darwin's 
opponents will probably say that in this case those zoologists 
were in error who attributed to the diffei^nces batween Artemia 
MUhausenii, A, salina, smd Branchipus stagnalis, a specific and 
even a generic value, and that all these forms must now be 
regarded merely as varieties of one single species, since proof has 
been given that they pass into each other. It is no part of my 
purpose here to oppose such a view of the case ; it will suffice to 
observe, on the other hand, that, logically speaking, writers 
on Crustaceans must then cease to have any justification for 
separating or describing species at all, since those diffei*ences 
between Branchipus and Artemia which, according to this view, 
have neither specific nor generic value are precisely those of 
which they constantly avail themselves for distinguishing the 
species and genera when describing other Crustaceans. 

Thus evidence has been given in this chapter that changes in 
the degree of saltness of the water exert not merely a selective 
influence on the animals expose^l to them, but also sometimes 
effect a remarkable modification of them ; and it is probable 
that other soluble elements in the water besides simply sodic 
chloride may be able to exert a similar influence. We are only 
at the beginning of our knowledge on this point. A careful 
repetition of the experiments hei-e briefly described, with as 
great a variety as possible of animals and with as much 
thoroughness as Schmankewitsch exercised, would, beyond 
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doubt, contribute many important facts. But they would 
certainly confirm the result obtained already : That there can 
be no idea that a uniform change in one definite condition of 
existence will produce a uniform effect on different animals.^^ 
This conclusion is self-evident when we reflect that the result 
of any influence must be the resultant of a reciprocal action of 
the external efficient force and of the inherent plasticity of 
the organism which is influenced. 

III. Influence of the volume of water. — It is well known 
that the volume of water has a marked influence on the 
growth of an animal, and on the size it finally attains. Every 
lover of the 'gentle craft' of fishing — for salmon, trout, or 
other fresh- water fish — knows that these fish are usually small 
m small streams and lakes, and attain their full size only in 
I'lrge ones. This fact has often been proved in America as well 
as Europe. All experimental zoologists know moreover that 
it is often difficult, or even impossible, to rear fi-esh-water 
animals in a small aquarium to the size which they grow 
to under the normal conditions of a free life in rivers, ponds, 
or even small pools. ^* This is attributed, if not without 
exception, at least very generally, to a deficient food-supply. 
Without any experimental enquiry, and under the tacit assump- 
tion that all the other conditions — such as the temperature, 
the composition of the water, the amount of the oxygen it con- 
tainedj and the number of individuals — were the same in the 
aquarium as in small ponds or large lakes, it was asserted 
that the smaller size of creatures in a small body of water was 
due solely to the circumstance that the absolute quantity of 
food at the disposal of each individual must necessarily be 
smaller in a small volume of water than in a great one, and 
hence be insufficient for the development of the animal's full 
size. Of course it cannot be disputed that a fish must remain 
small if the food within its reach does not attain the daily 
optimum. But it has never been investigated whether the 
small size of the creatures in a small body of water is due, 
without exception, to the small amount of food within reach, 
either by proving that this actually was less than was indis- 
pensable for the full growth of the finimal, or by attempting to 
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show that any other influence was impossible. Observations 
do exist, on the contrary, which are calculated to warn us to be 
cautious in this matter. I will here only refer to the fact 1 
myself observed that some Water-Lice (Aselltis) which were 
kept in an air-tight closed glass vessel for nearly two years, 
and produced three or four generations, were, in the last 
generation, abnormally small, though food, in the form of algae 
and other plants, was constantly abundant, and the air above 
the water, on opening the vessel, was found to be perfectly pure. 
In this case lack of food was assuredly not the cause of the 
small size of the Aselli; perhaps it was a result of constant 
inbreeding, although in so small a number of generations — only 
four — this is hardly probable. Hence it is a quite unfounded 
assertion to say that the small size of animals in a small body 
of water is always the result of a consequent deficiency of food, 
since if this were so, whenever a more than sufficient supply of 
food is at hand in the small body of water, the full growth 
ought to be attained. But this is not always the case, which 
proves that the often-observed effect of the volume of water 
on the size of the creatures living in it is not, up to the present 
date, undei-stood, and still awaits an explanation. 

In order to solve this problem if possible, I carried out an 
extensive series of experiments on the common pond-snail, 
Lymncea stagnalis. I selected this creature because its growth 
is tolei-ably rapid in comparison with others, and because its long 
spiral shell offers an excellent test, of which it is easy to avail 
oneself in estimating its rate of growth. Moreover, this animal, 
as I had learned from an accidental observation, is so remark- 
ably sensitive to the effects of the volume of the water, that, 
in the space of six days, the difference in the length of those 
living in different volumes of water could be easily and 
accurately determined. 

It will be understood that I can in this place give only the 
i^eneral results of experiments carried on for more than two 
years. 

I instituted two series of experiments — one by separating the 
animals from the same mass of eggs immediately they were 
hatched, and placing them simultaneously in unequal bodies 
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of water ; the other by placing two different quantities of 
animals, from the same mass of eggs, in two aquaria of equal 
size. All the conditions of existence, and above all the supply 
of food, were kept at the optimum. Consequently all the 
animals were undet* equally favourable conditions, irrespective 
only of the volume of water which fell to each animal's share ; 
this varied at most between 100 and 2,000 cubic centimetres. 
In both experiments the results were similar (fig. 43) : the 
smaller the volume of water which fell to the share of each 
animal, the shorter its shell remained ; and, moreover, it made 
no difference, with regard to the length the shell attained in the 
different groups of animals, whether each isolated individual 
had from the first a definite quantity of water allowed to it, 
as in the first series of experiments, or whether several indi- 





a 

Fig. 43. — Pour equally old shells of Lymncea stagnalis^ hatched from the same moss of ova 
but reared in different volumes of water ; a, in 100 cubic centimetres ; b, in 260 cubic 
centimetres ; c, in 600 cubic centimetres ; and d, in 2,000 cubic centimetres. 

viduals living together had a larger volume of water to share 
among them in the same proportion. Thus I succeeded, under 
conditions of existence otherwise identical, in establishing a 
curve of growth for the Lymnaea corresponding to the volume 
of water. This curve (fig. 44) shows that the favourable effect 
of an increase of volume of water is highest between 100 and 500 
cubic centimetres for each individual, and that it then gradually 
decreases, till, at 5,000 cubic centimHres, it would seem to cease 
entirely ; i.e, an increase of volume above this maximum has, 
as it appears, no further effect whatever upon the rapidity of 
growth. Thus the optimum of the volume of water which allows 
the greatest possible length of shell to be attained by a Lymnsea 
within a given time lies ap]»roximately between 4,000 and 5,000 
cubic centimetres ; to determine the point exactly was impos- 
sible for various reasons. The woodcut (fig. 43) exhibits the 
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aheUs corresponding to this curve. The first of the shells, formed 
in 100 cu1)ic centimetres of water, ftttained a length of only 6 
millimetres ; the second, in 250 cuhic centimetres, was 9 milli- 
metres long ; the third, in GOO cubic .centimetres, w.ib 12 
millimetres ; finally the fourth grew to 18 millimetres in 2,000 
cubic centimetres of wat«r. It scarcely need be repeated 
that these animals, with such immense differences in length, were 
all the ofi^ipriiig of one mass of eggs simultaneously transferred, 
and had all reached the same age of sixty-five days. 

My experiments also allowed of my constructing a curve of 
time for the rate of growth of the Lymnoca. The reader may 
hare observed, with reference to the foregoing statemente, 
that according to this volume-curve it ought to be poesible to 
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enable a Lymntea to atlain its full length of about 24 milli- 
metres (foi the first year's growth) even id a volume of 100 
cubic ceotimetres, if only it were left there for a longer time 
than was requisite for acquiring that length in 2,000 cubic 
centimetres. Still, this would only bo possible if the rate of 
growth, as (leteiinined by the volume of water, were at all times 
eqiial. This, however, is not the case. At first the growth is 
very slow ; then succeeds a period of quickest gi-owth, until the 
oldei the animal is, the more slowly it grows. The curve ei- 
hibiti'd 111 the subjoined woodcut (fig. 45) was constructed from 
experiments in a volume of water of from 1,000 to 2,000 cubic 
cenlimeti-es per individual, and it shows that, dunng the first 
thi«e weeks after escaping from the egg, the growth of the young 
animal was, on an average, only 5 millimetres ; then followed 
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a period, lasting about tliree weeka, of very rapid growth, 
dnring which it attained a length of shell of about 102 
millimetres; in the third period — 40th to the 60th day — 
it grew only 6 millimetres more ; and then ensued a period of 
very slow growth, only about 16 millimtti-e in nearly four 
weeks. It is thus proved that the same law obtains for 
LymuEea as for all other animals, namely, that the maximum of 
growth can only be attained, when all the other conditions aro 
equally favourable, exactly within the period of quickest growth ; 
the opportunity once missed never recnra. A Lymnaa, which 
in the course of the first year has not attained a length of shell 






of at least 20 millimetres must become the parent of a race of 
dwarfs, if the causes which have checked its growth are regu- 
larly repeated in the succeeding years. 

A du-ect influence is hereby proved to be exerted by the 
volume of the water, in'CKpective of the supply of food and 
other influences.''* A short discussion of the details wilt show 
■whether we are as yet iu a position to determine the sfjecial 
cauaes of this effect of volume. 

It is self-evident that a great variety of influences might 
have produced the same result— i.e. the dwarfing of the animals 
■ — such as food, temperature, injui-ioua gases, or the absence of 
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those that were necessary, ic. In some of my experimenta 
such influences showed themselves very conspicuously. In one, 
for instancBj in order to supply the young animals with the 
maximum of aJr required for respiration, I kept up a constant 
current in the Vessel ; but the experiment fiiiled totally, 
because the young animals in the current were unable to cling 
to the plants they fed on. On another occasion a aiidden and 
very considerable fall of temperature set in, almost down to 
13° centigrade. Now this is the degree at which the powei's 
of assimilation of the young Lymniea cease, and consequently 
its growth. The effect on the curve of volume was veiy 
striking (fig. 46). The vessels, of unequal size and containing 
unequal bodies of water, stood side by side at the same distance 
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from a window, where the sun shone in the afternoon for two 
hours at the most ; thus the temperature favourable to assimi- 
lation was attained in the smaller vessels, but not in the 
larger ones. Hence it followed that snails which lived in 2,000 
cubic centimetres of water, and consequently ought already to 
have been 10 millimetres long when 25 days old, were 
scarcely longer — about 3 millimetres — than those which had 
lived in water which, though less in volume, was sufficiently 
warm. At the same time the nourishment provided in each 
vessel was so abundant and wholesome that neither bad air nor 
a lack of food could have occasioned the striking bi-eak in the 
normal volume-curve; besides, in that case the efiecta must 
have been visible in those in the small aa well as those in tha 
largei' body of water. 
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A superabundance of food was purposely supplied through- 
out all the experiments, and all the glasses in which the food- 
plants — AlgcB, Elodea canadensis, and Lernna — did not grow 
luxuriantly were emptied, so that from the very first, in all the 
experiments on which the curves were founded, the injurious 
effects of any kind of dearth of food were excluded. 

The temperature of the water, so long as it oscillates within 
an insignificant range near the optimum, also has no effect on 
the volume-curve, or at any rate a very trifling one; if the in- 
fluence of volume had been affected by variations in the tempe- 
rature of the water, all the animals in the various experiments 
growing up in different bodies of water, so long as they were at 
a similar temperature, must have attained the same or nearly 
the same size. Temperature does not exercise a really decisive 
influence till it approaches one of the two utmost endurable 
extremes. 

It might also be supposed that the different proportions of 
oxygenated air or carbonic acid contained in the water were the 
efficient cause ; but this is easily disproved. In the first place, 
it is not very easy to see how, in that case, such regular curves of 
volume could arise, since the deficiency of air in each vessel must 
then have been always in the same proportion as the body of 
water; and this can scarcely be assumed as probable. On the 
other hand, this influence was already excluded by the fact that 
the superabundance of plants growing in the water disengaged 
so much oxygen that the water in all the glasses must have 
been absolutely saturated with it, and the stratum of air in 
contact with the surface, which, as is well known, is breathed 
by the Lymnsea, must have been equally and perfectly pure. 
For the same reason the carbonic acid disengaged by the animals 
must always have been entirely reabsorbed by the plants. 

The salts which can be proved to be present in water can 
just as little be regarded as the cause of the dwarfed growth of 
the animals. With the assistance of a chemist, my friend 
Professor Hilger of Erlangen, I repeated my experiments with 
distilled water, and with water which was saturated with the 
constituents proved normally to occur in water (such as mag- 
nesic sulphate, calcic carbonate, <kc.), and the normal course 
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which regularly ensued showed that the salts present and dis- 
coverable by chemical tests had really no influence that could be 
detected. 

Even injurious ga»ses which might be formed, in a certain 
proportion to the body of water and the number of animals, 
from the faeces and other decomposing organic matter, cannot be 
regarded as causing the effects referable to the volume of water. 
Suppose we take two vessels containing equal volumes of water^ 
but place only one animal in one and twenty in the other, these 
last of course will disengage the larger amount of injurious gases, 
and consequently, in the first instance, a certain retardation in 
their growth might be caused. But since the one isolated 
individual grows immensely faster than those that live together, 
this one will very soon yield as much, and at last more, faecal 
matter than the twenty ; so that growth must cease with it at 
least as soon as with the others. But since this is precisely 
not the case — for the curve of time remains the same for each, 
while it is only the size attained within a determined period 
which varies — it is, it seems to me, thereby proved that the 
effects of the injurious gases produced by the animals them- 
selves cannot be the cause of the effects of volume. 

What, then, is the real cause ? I regret to say that I cannot 
give any answer to this question. With the assistance of my 
friend Hilger I have long been trying, but altogether in vain, 
to find anything present whatever, even in the smallest quantity, 
to which this effect of volume could be ascribed, I think, 
however, that we are justified in the following hypothesis. It 
would seem to follow from my experiments that some substance 
— as yet unknown — must be present in the water, probably in 
a very minute quantity, which, by its relations to the water that 
holds it in solution and by its osmotic affinity to the skin of 
the animal, can be absorbed only in a determined and extremely 
small quantity, and also within a definite period and in a definite 
amount of water. ^^ Now, if this substance were simply a stimu- 
lant, and thus, without actually contributing to growth, were 
nevertheless essential to it — like the oil to the steam-engine — 
it must be absorbed in the quantity which is most favourable 
if the normal growth is to be accomplished within a fixed time. 
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And since, according to this hypothesis, the amount of the 
Ffuhstance absorbable in a given time depends on the volume of 
Uie water, and increases or diminishes with it, growth would 
cease entirely if the body of water were so small that it had a 
stronger affinity to the unknown matter than the skin of the 
animal has. On the other hand, the attainment of the full size 
within the corresponding period would only be possible if the 
volume of water were so great that the Lymnaja could at all 
times absorb this unknown stimulant from the water.^^ 

IV. Influence of oxygen or air in the water. — We have 
seen in the foregoing sections that the effect of the substances 
held in solution in the water, and also apparently that of the 
volume of the water, depend on the osmotic action of the 
animars skin. Another substance held in solution in the 
water must take effect in a precisely similar manner — namely, 
the air used up in breathing by a number of animals. It is 
known that every animal, even the simplest Infusorium that 
lives in water, requires air, or rather oxygen, for respiration ; and 
as most aquatic animals have no special organs for breathing 
in the air itself — like most of the Vertebrata, as well as 
Insects, Arachnoidse, Myriapoda, and many other creatures — 
their efficient respiration depends exclusively on the absorption 
of the air (oxygen) contained in solution in the water through 
the skin, or through the membranes of some internal organs 
through which water flows in and out m a constant stream. 

It is self-evident that every growing or young cell must be 
capable of breathing, i.e. of taking in oxygen and disengaging 
carbonic acid, if this respiration is a function of protoplasm 
itself. All gi'owing parts which are in contact with media rich 
in oxygen, such as air and water, must consequently breathe,^* 
taking it for granted that their surface offers no resistance to 
the absorption of oxygen. But the disposition to absorb it 
may be very different in different parts of the body ; and we are 
accustomed to call such parts as seem better fitted to absorb 
oxygen, as compared with the others, simply 'organs of 
respiration.* 

Such specialised organs of most of the animals that live in 
water and breathe water ^^ are, in the first place, the skin, then 
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appendages of the skin, known as gills or branchiie, and finally 
the intenor of the intestinal canal. In very many Invertebrate 
animals — as in Holothiii'ia, Annelida, Planarians.'Water-Itisects, 
and others— a constant stream of water enters by the anus, and 
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in a few cases, as in Holothuria, a very easily demonstrable 
stream passes out from it also. Thus, in the simplest condition, 
the mucous membrane of the intestine serves for respiiation, 
like the skin of an animal; and in this respect the well-known 
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!EVench physiologist, Paul Bert, is perfectly right when he says 
that any dispute as to whether this or that portion of the body 
of an animal is its respiratory organ is fundamentally and 
perfectly superfluous. But when special appendages are de- 
veloped from the skin in a foliated or arborescent form — known 
as gills — which seem specially adapted by their structure and 
the delicacy of their walls to absorb more air from a given 
body of water than the skin can, and^to transmit it directly to 
the blood or to the fluid of the body-cavity which circulates in 
those gills, we are certainly quite justified in designating these 
appendages as special organs of respiration. 

Such gills or branchiae occur in the intestine as well as on 
the skin of the most dissimilar animals living in water. 

The gills of the outer skin bear so striking a relation to 
the animal's mode of life that they must here be briefly dis- 
cussed. In Fishes (fig. 47, a) and in many Amphibia the gills 
are placed at the side of the head or partially under it, where 
they are concealed beneath larger or smaller folds of the skin, 
which, with the flat bones that support them, are known as the 
gill-covering. In the embryo of the Shark (fig. 47, 6, d) and of 
Amphibia, external ramified gills appear before these internal 
gills ; these, in the fishes, subsequently disappear, but in the 
Amphibia persist throughout life (Perennibranchiata), In 
Crustaceans we often find gills in places analogous to their posi- 
tion in fishes, that is to say, by the side of the cephalothorax, 
and covered by a large skin-fold attached to it ; this is the case 
in 0»^bs {Brachyura), and in many of the Macroura, Lobsters, 
Prawns, &c. In other Crustaceans, on the contraiy, as in our 
Water-lice (Asellus) or the Sea-louse (Idotea), they are situated 
at the end of the abdomen, and in yet other species they are 
appendages of the legs, whatever part of the body these may 
be attached to. In the class of MoUusca we find not less than 
five forms of gills morphologically difierent — first, the usual gills 
of bivalves (fig. 48, h) ; secondly, those borne on the back of 
many of the naked marine Mollusca, as the jEolidce, Doris, and 
others {^g, 48, d) ; thirdly, the dorsal branchial cavities of such 
genera as Neritina and Melania ; fourthly, lateral gills, as in 
riyllidia; and lastly, the highly interesting mantle- gills of 
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some species of Lucina (fig. 48, a), situated on the ventral 
margin of the mantle. In the Annelida the gills are usually 
nn appendage of the legs, and sometimes are placed directly on 
the body or at the fore end, as in Sabelia, Serpula, Terebella, 
&c. Finally, the number of Invertebrata ia by no means small 
Thich dispense entirely with such distinct, conspicuous oi^ans 




of respiration, and consequently breathe only through the skin j 
among the Mollusca there are the Elijaiada (fig. 48, c) and their 
allies ; among the Annelida the common leech and tbe Oligo- 
chietffi (the earth-worm, ic.) ; many of the lower Crustaceans— 
parasitical as well as independent — all Infusoria, the Coelente- 
rata, and even many Bchinodermata, &c. 
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Less variety is found among the internal gills, which some- 
timea are situated in the intestinal conal of water-animals. In 
the larvse of the Libellulidse, for instance, leaf-shaped organs 
are found inside the rectum, which apparently serve for respira- 
tion. I myself have described a system of foliated processes 
on the mucous membrane of the stomach of the Holothuridse 
(fig. 49) which have all the attributes of true gills — as an 
extensive surfiice, delicate membrane, and abundant blood- 
vessels, with a constaut renewal of the water that bathes the 
In most Annelida and many other Invertebrata, no 
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doubt a regular current of constantly renewed water passes 
through the intestine, which nevertheless bears no special gills ; 
the moi-e or less extensive folds of the mucous membrane 
here take the place of the al)sent organs. It may here be inci- 
dentally mentioned that even a fish (CobitU fossilis, a speciea of 
Loach, fig. 50) breathes through the intestines ; but in this case 
the conditions are slightly difl'ei-eut, inasmuch as it takes in air- 
bubbles at the Kinface of the water thiough its mouth, and 
swallows them, so that liei-e the air comes into direct contact 
with the respiratory fiurfjice of the intestine.'*" 

All these different organs of respiration " must act in 
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essentially the same manner — namely, by absorption of oxygen 
(air) from the water by means of the osmotic action of their 
membranes. This action varies with the different animals. 
Bert ^2 has shown that the powers of absorption even in nearly 
related spe3ies of fresh-water fish are remarkably various. 
Hence we need not be surprised to find that occasionally the 
amount of oxygen which is conveyed to the blood by the typical 
organs of respiration is not perfectly sufiicient, so that the defi- 
ciency has to be made up in other ways. Nor are we more 
astonished to learn that the general respiration of the skin can 
be so increased that under some circumstances it suffices per- 
fectly for the requirements of the animal, and renders the 
employment of the special organs of respiration quite super- 
fluous. 

The former case has been proved in Crustacea and in Fishes. 




Fig. SO.—CobitU fossilU. It swallows air-bubbles which pass through the intestine, 
Nvhere the mucous membrane takes up the oxygen for respiration. 

Fritz jMiiller observed that crabs of various species {Grapsua^ 
Sesanna, <kc.) often raised the hinder portion of the cephalo- 
tliorax, so as to let the air directly into the bi*anchial cavity, as 
the amount of oxygen absorbed from the water through the 
gills was insufficient to supply their requirements. Many of our 
fresh-water fish, particularly all the species of Bleak (C^prinoidce), 
regularly swallow air in order to saturate the water that 
bathes their gills with oxygen, since the oxygen derived 
directly from the water is usually insufficient. The amount of 
oxy f]:en needed by these fishes must be considerable, for it is 
much more easy to drown a fish than a frog if both are pre- 
vented from coming to the surface to swallow air ; and yet the 
frog breathes by lungs, while the fish, on the contrary, is a true, 
gilled water-breather.^** 

An instance of the second case — i.e. that general respiration 



THE AIR-BLADDEB IN FISHES. 173 

ihroogh the skin may perfectly supply the place of respii'ation 
through any special organ — is offered by frogs, which usually 
breathe through lungs. Milne-Edwards the elder showed long 
since that frogs, when prevented coming to the surface, were 
able to live under water so long as they were not cut off from 
the possibility of obtaining food and were freely supplied with 
fresh water. In such a case general skin respiration must 
necessarily take the place of lung respiration. Since then, 
Paul Bert ^* has shown that skin respiration can only take the 
place of lung respiration when, in the cold season, the tempe- 
ratui'e of the water varies between zero and 1 3° centigrade. 

The instances here adduced prove at once that the absolute 
amount of oxygen needed for respiration and absorbed from the 
water varies according to the peculiarities of the different species, 
and perhaps even in individuals ; and moreover that its ab- 
sorption depends on certain external conditions, above all on 
the temperature. From this it further follows that there must 
be for every individual animal an optimum quantity of oxygen 
needed in a given time ; if this optimum is not attainable by 
the ordinary organs of respiration, either the animal dies of 
suffocation, or else the deficiency must be supplied by some 
other means, as, for instance, in Milne-Edwards* experiment 
on the frog, by general skin respiration. To this category 
belongs too, in a certain sense, the air-bladder of fishes, which, 
according to the most recent investigations, may under some 
circumstances be regarded as an organ auxiliary to respiration. 
A body of gas is deposited in it from the blood which also 
contains oxygen, and this is rapidly used up if the fish is in 
water which holds but little oxygen. Now, although generally 
no air can be transmitted to the air-bladder from outside, still, 
as it would seem, it serves as a reservoir for the superabundance 
of oxygen which is introduced into the blood by the absorbent 
action of the gills and the skin. Yery numerous experiments 
have been made on this matter, but they have yielded so many 
contradictory results that it is superfluous to go here into any 
closer discussion of them ; and I refer those who are interested 
in the matter to Milne-Edwards* well-known work, 'TiC^ons 
d'Anatomie et de Physiologie compar^e.* In a note ^* I have 
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given the titles of some new works not mentioned by Milne- 
Edwards. 

V. Power of enduring desiccation. — ^All water animals 
need a very high degree of moisture in the air or the direct con- 
tact of water to enable them to live ; if a frog is transferred to 
dry air, it will quickly part with all its water to the atmosphere 
and perish of desiccation. 

It has, however, been frequently stated of many water 
animals that they can endui'e perfect desiccation without dying. 
The experiments of Spallamani, Dug^s, Doy^re, and others are 
generally known. Infusoria and certain worms of low type, 
the Rotatoria, the somewhat high-typed Tardigrada, and various 
kinds of Crustaceans, are said, according to these observers, to 
revive after being completely desiccated. The fact that when 
perfectly diy moss or hay is wetted all sorts of creatures are 
brought out of it is undoubted; but Pouchet's experiments 
account for this in a very simple manner, while, as it seems to 
me, they strikingly prove that true and complete desiccation 
infallibly destroys fully grown creatures. He showed that 
Infusoria, Rotatoria, and Tardigrada, when dried up in the 
nidus, always die if they are actually and truly desiccated, but 
that sometimes germs, or it may be eggs, contained in them, 
and which are protected from utter desiccation by their enve- 
lopes, on being moistened again develope rapidly, though still 
enclosed in the desiccated matrix, and creep out. These young 
animals creeping out from the eggs and germs have apparently 
been mistaken for the dried- up ci-eatures resuscitated. The ob- 
servations recorded as to the capability of many animals of the 
higher orders, even of Yertebrata, for enduring drought are hot 
quite so erroneous ; for it is not asserted that they themselves 
were desiccated. In tropical countries or in the Mediterranean 
province, where there is a sharp distinction between the wet 
and dry season, many animals fall during the latter into what 
is known as summer sleep. The Protopterua in Africa buries 
itself in mud, and surrounds itself with a thick peifectly 
desiccated crust, in which it is able to pass a latent life for 
months together, till the rain softens the crust and releases the 
fish. Many land snails attach themselves, during the day or 
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during prolonged drought, to plants, stones, &c., or bury them- 
selves in the soil and close the mouth of their shell with a 
calcareous deposit known as the diaphragm ; thus they await 
the next rainy season to recommence an active life. Here it is 
easy to prove that the animals are not truly desiccated ; for if 
we break into the shell of a snail thus found in its summer 
sleep, we see at once that the creature has preserved a very 
considerable amount of moisture, which the hygroscopically dry 
air has not been able to evaporate from the animal, protected as 
it is by its shell and diaphragm. 

It is to this property possessed by living animals of retaining 
a certain amount, however small, of moisture for a long time 
in their tissues, and consequently of escaping total desiccation, 
that the power is evidently due which enables the eggs and 
germs of the above-mentioned animals to continue all the year 
round ^® in an apparently dry condition without being deprived 
of their vitality. It is certainly very striking that encysted 
Infusoria, and the ova or reproductive bodies of Crustaceans, 
Tardigradcs, Worms, Sponges, &c., are capable of withstanding 
the long-continued desiccating effects of the air ; but if at the same 
time we remember that it is extremely difficult to desiccate albu- 
minous matter completely, even when dead, the fact loses some- 
thing of its astonishing character. Living plants, too, often 
retain the last i*emnant of their moisture with much obstinacy. 

Of the truth of these facts there certainly cannot be the 
smallest doubt. I have had for now six years a chest full of 
dried mud with the eggs of Apus and Cypris, which were sent 
to me in the spring of 1872 by Ehlei*s from Erlangen. Up to 
the pi-esent time every attempt to hatch out some of the 
Apus larvae by softening a part of the mud has succeeded 
equally well in summer and in winter ; the rapidity of their 
development is different, but this is due, as we have seen in a 
former chapter, to the degree of temperatm-e at the time. 

Now, remarkable as is this long resistance of eggs to 
drought, we are acquainted with a much more wonderful, 
and, in fact, hitherto inexplicable, fact connected with it. The 
eggs of various Crustaceans — as, for instance, of species of 
Apu8 — never develope ^^ if they have not first lain some time in 
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the dry mud. Living specimens of Apus caught by me in 
Wiirzburg deposited a large number of eggs in the water of 
my aquarium; not one developed. Mud full of eggs from 
the same pool from which I had taken the fully-grown Apus, 
after it had lain by for a full year, still yielded no larvae on 
being wetted, and it was not till the second year that I ob- 
tained a few; but from that time I succeeded regularly in 
making them develope in great numbers, and whenever I chose. 
The statements of Brauer and others coincide with this. The 
eggs of the Branchipzis, so nearly allied to Apus, do not share 
this peculiarity, but develope equally well whether they have 
been dried or kept constantly in damp mud. Brauer points 
out indeed, in his interesting notes on his experiments in breed- 
ing, that it would be very easy to rear animals of these groups 
from different parts of the world in our laboratories, and to 
study them at our convenience ; since nothing would be needed 
but to obtain some dried mud from the localities where they 
live. In this way, for instance, Professor Glaus was recently 
enabled carefully to investigate, in Vienna, the anatomy of the 
beautiful Daphnia Atkinaoni from Jerusalem. It would cer- 
tainly be a grateful task to determine exactly what species of 
animals have eggs which can endure desiccation, or even abso- 
lutely require it, like Apus, to qualify them for development, 
and to find out also what the maximum period is during which 
they can endure to lie dry without injury to their vitality. A 
fundamental investigation of these questions would undoubtedly 
contribute much to a satisfactory explanation of many peculiar 
facts in the geographical distribution of the lower animals. ^' 

Concluding remarks. — If we now compare the facts 
established in the different sections of this chapter with those 
previously ascertained, we obtain again the same general laws. 
Animals living in the same places, and apparently under the 
same external conditions of existence, nevertheless behave in 
quite different ways under the influence of the various sub- 
stances held in solution in the water, as salt, oxygen, carbonic 
acid, &c. The ova of different and yet very closely related 
forms can endure a long period of drought, or even require it 
to enable them to develope. Hence every change, as, for in- 
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stance, in the composition of the water of a lake or a river, will 
not affect the fauna inhabiting it equally and as a whole, but 
will act on individuals; some will bear the change without 
being in any way affected by it ; others will die, while others 
again will survive, but their habits of life will be changed, and 
at the same time their structure will be modified, as in the 
case of Branchipics and Artemia, Thus the constancy of the 
aquatic fauna of any spot depends on the constancy of all the 
external conditions of life prevailing there, and every change, 
however small, in these will effect a selection among the old 
forms, facilitate the introduction of new ones, and sometimes 
even determine the transformation of one species into another. 
On this last and most important point we at present certainly 
know very little; but the old experiments of Beudant, the 
more recent ones of Plateau, and, above all, those of Schman- 
kewitsch, show that thi^ absence of information cannot be 
adduced as a convincing argument against the assumption that 
careful experiments directed to this question must tend to 
prove that stagnant water and the substances contained in it 
can exercise a far more direct transforming influence than has 
hitherto been considered possible. 

9 
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CHAPTER VI. 

THE INFLUENCE OF A STILL ATMOSPHERE. 

The most important influence of stagnant air on the animals 
living in it is strikingly exhibited by those organs which are 
intended to respire air and convey it to the interior of the 
body. The physiological action of these air-breathing organs is 
exactly the same as that of the skin and gills in water-breathing 
animals. They bring the blood into the closest possible contact 
with the oxygenated medium. But as regards structure no greater 
contrast can be conceived of than that between the gills of a fish 
and the lungs (fig. 51) of the higher Vertebrata, or the trachefle, 
as they are termed, of Insects, Myriapoda, and Arachnoidse. 
These last (fig. 52) are usually fine tubes, with elastic walls 
with spiral thickening, which ramify in all directions, and 
which allow of the alternate inspiration of fresh air and 
expiration of foul air — charged, that is, with carbonic acid. 
This is effected by the opening and closing of the stigmata, or 
openings of the tubes, by the act of i-espiration, and by the 
expanding and contracting of the tubes themselves. These 
tracheae thus convey the air, in extraordinarily fine particles, to 
all the organs,^^ so that their finest living portions certainly 
and abundantly absorb the oxygen they require dii-ect from 
the air which is so brought to them. It is otherwise with 
the Yertebrata. Here the air is taken into sacs of a spongy 
structure (see fig. 51), of which the walls contain an exces- 
sively intricate network of blood-vessels; here, exactly as 
the skin or gills of fishes absorb oxygen from the water, the 
oxygen from the air passes by endosmosis through the mucous 
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membrane of the lungs into the blood ; tbis oxygenated blood 
is tben carried to all the organs, of which the living portions 
take up the oxygen from it, precisely as the corresponding parts 
of insects take it up directly from the air by means of the 
tracbcje. In all animals that breathe thus through the lunga, 
there is a strongly marked contrast'" in the blood contained in 
different parts of the vascular system. That which is carried 
back from the lungs to the heart is rich in oxygen and known 
as arterial blood, and that which circulates in the vessels which 
convey it from the organs to the heart, or from the heart to the 
lungs, is poor in oxygen, and is called venous blood. 

We need not, however, in this place, investigate more closely 
the relations of the vascular system to the respiratory organs, 




nor the physiolc^cal distinctions which are based on the dif- 
ferent organs of respiration and their structure. On the other 
hand, it is essential that we should in the firat instance deter- 
mine which of the constituents of the air are advantngeous or 
injurious to animal life. 

Air contains, when it is pure, almost 21 per cent, of oxygen, 
with about 79 per cent, of nitrogen, and a variable trace of 
carbonic acid, besides water which it holds in solution in the 
form of vapour in a quantity varying according to the tempera- 
ture. All the other kinds of gas which are occasionally present 
in the atmosphere are of no importance. They are either irre- 
spirable or actually injurious, while the above-mentioned mix- 
ture is the normal one, and thus is the most favourable for 
animal life. Certainly we must niako this statement with 
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some reservations ; for, in the first p!nce, we know tliat variona 
anim^ils are, as a rale, influenced in different ways b; the 
medium in wliich tlicy live ; and besides, we cannot assert, on 
the basis of any cxperiinental I'esearch, that certain gases which 
are injuriooB to men or to birds may not be indiffcKnt or even 
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advantageons to otiicr nnimals. For instance, it is well known 
thiit miiny loi-vre of insecta live in situations, as in decaying 
niiitter, where the aii- is undoubtedly mixed with gaaea which 
tiie liighcr Vertcbrata could not breathe without injury; also 
that the capability for resLsting the effects of in-espirable or 
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poiBonous gases is exti*emely different in different animals. 
Exhaustive experiments on this subject are not before us; 
hence the only general conclusion, as applicable to all animals, 
that we can draw from the experiments made on certain 
animals by physiologists, is, that every gas contained in the air 
affects the animals that breathe it according to its relative 
proportion, and to the peculiarities of each individual animal. 
Thus, for instance, carbonic acid, which is highly poisonous to 
man, ceases to be injurious when it is contained in the atmo- 
sphere in a proportion of only 1 to 2,000 (of volume) ; but even 
then it is not du^ectly advantageous to animal life, unless, 
indeed, its stimulating action may perhaps be recognised as a 
not unimportant factor in the life of animals. At present, how- 
ever, we know little on this poiat. On the other hand, we 
know positively that no air-breathing animal is capable of de- 
composing and assimilating carbonic acid as plants do ; ®* nay, 
it may be doubted, as we have seen in a former chapter, 
whether even those aquatic animals — Sponges, Infusoria, 
"Worms, (fee. — which are said to have true chlorophyll in their 
tissues, do in fact make use of this constituent as an organ for 
the decomposition of carbonic acid ; nor do we know whether 
the maximum of carbonic acid which can be endured by the few 
animals experimented on — which is peihaps even advantageous 
to some — is equally endurable by all air-breathing animals, or 
whether, for many of them, it may not lie even higher. Pro- 
bably in this respect the various species, and perhaps even 
different individuals of the same species, may behave quite 
diiferently.^^ 

What is of more impoi*tance to our enquiry, at any rate in 
this place, than the admixture of different gases in air, is the 
proportion of water contained in any given volume of air at a 
given time. Our pei-sonal experience teaches us that a dry or a 
damp wind has a totally different effect on different indivi- 
duals; phthisical patients are sent in North Amenca to the 
driest mountain regions of the Union, as Colorado, while in 
Europe they are frequently sent to very damp places, as 
Madeira, (fee. Moisture in the air frequently induces rheuma- 
tism, but in this respect also different individuals are diflTerently 
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aftected. We will now go more fully into a few particulaiiy 
interesting cases of resistance to extreme dryness of the atmo- 
sphere, or to perfect saturation of the air with moisture. 

I. The power of resistance to a dry atmosphere. — The 
atmosphei-e that lies near the surface of the earth is never 
perfectly dry ; but we usually call it so when it is drier than is 
good for our health or agreeable to our feelings. This occurs, 
for instance, with tolerable regularity every summer in "Wiii^- 
burg ; * many tropical regions are distinguished by a very dry 
climate ; this is the case with the Sahara, the desert plains of 
Australia, and the desert coast of South America, where it 
never or very rarely rains; and even in tropical countries 
which are justly regarded as having a very damp climate — as 
Java or the Philippines — we nevertheless speak of a dry season, 
and everyone who has lived for any length of time in these 
islands knows that the dryness of the atmosphere there has a 
very unpleasant effect, although at least 50 per cent, of moisture 
is always present in the atmosphere. Hence all animals living 
in such localities must be able to withstand the desiccating 
effects of the atmosphere if they are to sui-vive ; and if an 
originally damp climate were suddenly, or even by gradual 
change through local disturbance or secular variation, to 
become a dry one, a great number of species would in&llibly 
fall victims to this change in the conditions of existence. 

Nevertheless animals live even in the driest places on the 
earth ; many of these, indeed, belong to groups of animals of 
which the greater number require a very high degree of mois- 
ture in the air to enable them to live. This is the case, for 
instance, with many land Mollusca. Our common Boad- 
snail and those Snails that creep about on trees require a very 
considerable amount of moisture in the atmosphere, or they 
cannot eat, digest, and grow. During the dry summer of the 
Mediterranean regions, even on islands, as the Balearic Isles, 
the active life and growth of these creatures is interrupted : 
they bury themselves deep in the dry earth or between slabs of 

* The place where the Author writes ; but the case is the samej of 
course, with many places on the Continent. 
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rock, and close the opening of their shells with a lid {operculum 
or epiphragm)— often of many layers, and membranous or cal- 
careous — which evidently contributes to prevent the utter 
desiccation of the creature. Other species again cling firmly to 
stones or plants, where they remain for weeks, and seem to be 
protected against the drought. Their powers of resistance, 
however, are not perfect ; every collector knows that a certain 
number peiish annually from desiccation, and these are by no 
means old and enfeebled individuals, which in any case were 
approaching the end of their life, but for the most part young 
ones, not fully grown. From this it would appear that the 
young individuals are less able to resist desiccation than older 
or fully grown specimens. The same phenomenon is observ- 
able in tropical regions with an insular climate ; here the dry 
season generally affects the land-snails in the same way as in 
the Mediterranean province. Sometimes, however, local causes 
counteract the influence of the dry season. Thus, for instance, 
in a garden at Manilla in the Philippines, in the driest and 
coldest season, I found land-snails coupling, as well as their eggs 
and young, while in other spots the same or allied species were 
sunk in summer sleep. This was naturally the result of the 
increased local moisture of the air in this spot, under the thick 
leafy shade of large trees; nevertheless, even there, the abso- 
lute amount of vapour in the air was considerably less than 
during the wet season. Precisely analogous is the behaviour of 
Land-snails in deserts, where no one would expect to see animals 
living which part with the moisture from their bodies to a dry 
atmosphere so readily as snails do. These Desert-snails, as it 
appears, lead an active life only during the night or early 
in the morning, when a heavy dew moistens the soil; the 
moisture induced by the presence of vapour in the atmosphere 
is, however, very soon absorbed again, and during the dry day. 
hours the snails attach themselves somewhere where they are 
protected against desiccation. Thus the time during which 
they can imbibe the necessary moisture is about — or scarcely — 
as great for these animals as for the land snails of the Philip- 
pines in the dry season. Still we must not overlook, in the 
first place, that probably they may be able to obtain a greater 
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quantity of water from their food, consisting of the fleshy-leaved 
succulent desert-plants, than other snails ; and, in the second 
place, that they may also be capable of absorbing a larger 
amount of water endosmotically through the skin than the 
snails living in our damp climates. Unfortunately, so far as I 
know, no experiments and observations exist as to the rapidity 
and period of growth of land -snails in countries where the 
moisture of the air differs widely or varies much. No series of 
systematic and accurate experiments are known to me, even 
with reference to our commonest snails, which collect in thou- 
sands every year, but only a few accidental observations; ®' so 
that the well-known statement of Agassiz — that in the shell of 
a Helix a ridge corresponds to each year's growth, like the 
annual ling in a tree — cannot at present be tested as to its 
general or partial accuracy. Researches in this direction would 
certainly be productive of results of universal value, as I am 
justified in concluding from a few general observations. Mean- 
while from the few materials at hand as to the behaviour of 
land-snails under various degrees of moisture in the atmosphere, 
only one conclusion may be drawn which seems highly pro- 
bable : That the various species behave very differently in this 
respect, so that an alteration in the moisture of the air in any 
region must fundamentally alter the Snail-faima inhabiting it. 

Other animals perish from desiccation in quite other ways. 
For instance, in the tropics, as well as in North America, very 
many insects die out almost completely during the dry season, 
which by no means always corresponds with the hottest season, 
as it does in America. On the western side of Luzon, January, 
the driest month, is also the coldest. Certainly even at this 
season a number of insects are always to be found, chiefly 
individuals of the commoner species; but these are for 
the most part old and worn-out specimens, and it may be 
reasonably doubted whether they would live long enough to 
secure the permanence of the species by reproduction at the 
advent of the following damp, warm season in the month of 
IVIay. This, on the contrary, probably takes place exclusively 
or principally by eggs which have been dormant during the 
dry season, as we may infer from the fact that immediately on 
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the commencement of the wet season a multitude of young 
larv8B are to be found, which could not be the case if these 
old individuals had not till then coupled and laid eggs. Thus 
the eggs, though minute and only enclosed in a thin integument, 
show an especial resistance to drought. A parallel case is 
that of the eggs of many aquatic creatures which exhibit a 
power of enduring drought. I refer the reader on this point 
to what has been said above. But that the eggs of insects 
laid in the air, although perfectly protected by their envelopes, 
are not wholly impermeable to the air — that, on the conti-ary, 
they require that it should find access to the protoplasm of 
the ovum-cell — Ls proved by the following easily conducted 
experiment. If the eggs of insects are covered with a very 
thin film of resin or of oil, which prevents the passage of any 
air whatever through the pores of the integument, the embryos 
perish without exception, since the oxygen requisite for their 
respiration cannot penetrate to the protoplasm. Hence it 
follows that even though the ovum-cell may be partly pro- 
tected against desiccation by the envelope surrounding it, yet 
the perfect immunity shown by the eggs of most insects must 
be partly due to the properties of living protoplasm. 

II. The influence of a saturated atmosphere. — In many 
cases the moisture of the air reaches the maximum attainable 
under the existing temperatiu^. This is not unfrequently the 
case, for instance, in European countries in the winter, and in 
the tropics during the rainy season, or under the leafy shade and 
protection of the primaeval forests. 

Unfortunately we know next to nothing as to the influence 
of such absolutely damp air on the animals living in it ; we 
can only say that it is highly injurious to some, and to others 
again particularly advantageous. An extremely remarkable 
fact, depending on this, in the geographical distribution and 
habits of life of certain animals needs a closer discussion. 

We should at first sight be naturally disposed to assume 
that species of animals whose organisation indicates adapta- 
tion to breathing water and to moving in water would be 
incapable of living in the air, since their skin must soon diy up 
in the air, so that it could no longer fulfil the fimctions proper 
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to it, nor would they in many cases be in a position to use 
their organs of locomotion as such. The observed facts, how- 
ever, do not correspond to this view, which was formerly 
somewhat hastily adopted. We know, on the contrary, that 
there are a tolerably large number of true aquatic animals 
which constantly or occasionally live on land. To these, for 
instance, belong the true Land-leeches, as they are called (fig, 
^^ff)i which live in the forests of India and the Indian islands, 
sometimes in such enormous numbei-s that it is quite impossible 
for men to exist in them even for a few hours. I myself 
have often been driven out of the woods of Luzon and Min- 
danao, which are very favourable spots for insects and land- 
shells, by the myriads of leeches living on the trees and 
shrubs, from which they fall like a drop of dew on any human 
passer-by ; and I once read that a whole English battalion had 
to beat a retreat during the Sikh rebellion because they were 
attacked in a wood by these small blood-suckers in such numbers 
that passing through the wood was not to be thought of. They 
dry up with particular facility ; but as the air in these forests 
is constantly saturated with moisture, even in the driest season, 
they live in India in the open air on trees quite as well as their 
nearest allies, the Medicinal Leeches, do here in Eui'ope in the 
water. Even more interesting are the land Planarians.^* They 
breathe, like the leech, through the skin (fig. 53, dy e), and dry 
up even more readily ; they move by means of fine, micro- 
scopically small hairs, the cilia or flagella, which are attached 
to the skin, and which by their peculiar motions can carry the 
animal forward when it is surrounded by a sufficient quantity 
of trickling water or of mucilage. On a perfectly dry surface, 
therefore, they cannot creep about for any length of time ; the 
rapidly drying skin would soon jdeld up all the moisture which 
the cilia on the under side require for their motions. Hence 
these creatures are always found only in very damp spots; on 
rocks, however, as well as on trees, or even on the walls of 
houses. A few small land Planarians, two or three species, 
occur even in Europe, where they have already been found in 
Denmark, Germany, Spain, and France. Planaria terrestris, 
which was discovered at the end of the last century by 
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O. F. Miiller, was observed by me two years ago in the Balearic 
Islands — Minorca — where I found it under stones in a shady 
and very damp spot, far from all stagnant or running water. 
Besides those just named there is still a considerable number 
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Fig. 53.— a, Oeonemertet palaensis, a land Nemertean of the nataral size ; 6, the head 
maf^nified ; c, tlie proboscis and spine, with the poison-gland of the same creature ; 
<f, Dolichopluna striata (Mosclcy) ; «, BipaUum sp., both land Flanarians from the 
Philippmes ; /, Land-leech from the Philippines. 



of aquatic animals that live normally on land. To the land Ne- 
mertean discovered by me in the Pelew Islands of the Pacific 
Ocean (Geonemertes palaensis, ^g. 53, a — c) a second has been 
added by Von Willemoes-Suhm ; they live with land Planarians 
\mder stones or low-growing plants.®* Many crabs of the 
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Gimily of OrcJicsfidte (fig. 54) live excluidvely on land, although 
tliay tiive the gills proper to all iiquatic species. In the aumtnei' 
of lt^76 I found in Minotcii an euoi'mous number of individuals 
of one bii)ecies *' under lai'gc stones in the perfectly dry bed of 
a stream, during the driest season of the year ; and in the 
islands of the Indian Ai-chipelago tliey are often quite as fre- 
quent as the Land-leeclies in damp and constantly shady woods, 
Vaiious species of Xeritina *' frequently oceur on dry land 
fai' from any water ; other species hve constantly or during the 
chief part of the year high up on ti-ees in mangrove swamps — 
grouiis of Neritina dubia and .A', ziczac. 

In most of the cases here adduced, the ot^;&nisation of 
the animal appears, so far as we know, to be entirely that of 
a creature living and breathing in water, or only very sUghtly 




modified. The Orchestidat, Nemertidie, Snails, and Beeches show 
not the smallest difference from their nearest allies living in 
water ; in the land Pianariaus, howevei-, a ci'eeping surface has 
dovelo[)ed on the under side, 'v. hich acta physiologicaUy in the 
»auie way as the foot of the land snails, and which is not found 
in Planai-iiins living in water. But undoubtedly there ar*, 
among Fishes and Crabs {Bradiytira) for instance, many forms 
wliich const-antly, or only occasionally, live on land in damp 
spots, and have undergone a moi* or less considerable transfoi^ 
miition, jjariiculaily in their organs of respirntion. As these 
cases ai'c of more geneiitl significance, we will investigate them 
somewhat moi-e in detail. 

m. The accommodation of water-hreathen to breathing 
air. — Fish, as is well known, breathe through their gills, which, 
being i^et at the sides of the head and covered by the operculum, 
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absorb oxygen from a current of water which enters by the 
mouth, bathes the gills, and passes out again behind the oper- 
culum through the gill-opening. Hence fishes would appear to 
be confined exclusively to a life in the water. Nevertheless 
there are a few forms which are able to breathe out of water, 
and which in fact even pass a great part of their lives out of 
water. Such are the two genera, both belonging to the 
Grobiidse, Periophthalmus and Boleophthalmus ; these skip along 
close to the water-line on the sea-shore, where they hunt for 
Molluscs {Onchidium) and Insects. In their branchial cavity, 
like all fishes, they have true gills ; but these, though not dif- 
fering widely from those of other fishes living constantly in the 
water, are far from filling up the cavity, which is rather large ; 
and this seems to contain not merely water, but air as well. 
In other fishes that occasionally visit land, the branchial cavity 
on each side is prolonged, and penetrates upwards far into the 
head, while it« mucous membrane sometimes forms labyrinthine 
folds of highly complicated structure (see fig. 47) ; hence their sur- 
face is often much more extensive than that of the true gills. 
Formerly the species which possess this accessory labyrinthine 
organ in the gill-cavity were classed in one family of Lahyrin- 
thid, for it was thought that their internal affinities were 
clearly denoted by the presence of this organ. Now, on the 
contrary, they are distributed into several difierent families,*® 
since it is considered as proved that their real genealogical 
afiinity is indicated by other characters, while the labyrinthine 
organ must have originated independently in certain forms of 
these difierent families, though with great similarity of struc- 
ture and identical physiological functions. Formerly this func- 
tion was explained by the hypothesis that water could be stored 
in the cavity of the labyrinthine organ, which might be closed, 
and that this water, being rich in oxygen, and unable to 
escape from the gill-cavity, enabled the creature during its 
excursions on land still to breathe in or through water. There 
can be no doubt, since numerous observations exist on this 
point, that they are capable of living for days out of water ; 
many of them make long journeys over land, and some are even 
s:iid to be able, by means of the spines on their scales and gill- 
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covers, to climb up palm-trees — Anahas scandena. I have 
certainly never seen this, though I have often caught Anabas 
scandens in the Philippines. But the hypothesis that their 
labyrinthine organs are merely auxiliary gills destined to en- 
able the fish still to breathe through water when on land, finds 
no confirmation in the observations made by the most esteemed 
naturalists; indeed, it is quite incomprehensible how, in so minute 
an amount of water as could find place within the labyrinthine 
organ, so much oxygen could exist as the creature must con- 
sume even in a few hours. And there can be no possibi- 
lity of a renewal of the water deprived of its oxygen so long as 
the animals live on land. It is, however, at this day, almost 
superfluous to point out the absurdity of this early and often 
disputed assumption by an ana]ysis of the physiological pro- 
cesses; for the direct observations of Dr. Francis Day®^ — 
known by his great work on the fishes of Malabar — ^have proved 
that the accessory gill-cavities, or labyiinthine organs, as they 
were called, of the Labyrinthici never contain water, but always 
air only. So that these organs must be simply designated as 
organs for respiring air, i,e» as lungs which have been formed 
by modification of a portion of the water-breathing gill-cavity ; 
the fishes that have them are therefore to be regarded as Amphi- 
bians with quite as much reason as toads and frogs, or even 
better, since they are capable of changing the nature of their 
respiration — of air, that is, or of water — at will and suddenly 
without any interruption ; nay, are actually accustomed so to 
change it. Finally, in some Brazilian fishes — Sudis gigas, Ery- 
thrinua tceniatus and brasUiensia — the air-bladder, as Jobert 
has lately discovered, serves directly as lungs subsidiary to the 
gills, since they inhale air through a connecting passage which 
subsists between the throat and the air-bladder. If this air- 
passage {dttctus pneiimaticua) is ligatured, the fishes die of 
sufibcation, since the amount of air obtained through the gills 
does not suflfice them for respiration. By these observations it 
is made intelligible how an air-bladder could be transformed 
into a lung. Insufficient absorption through the gills brought 
the fish to swallowing air ; instead of passing out through the 
gill-openings, as in other fresh-water fishes, the air passed into 
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the intestine or even into the air-dact leading to the air-bladder, 
and thus both organs might become organs of respiration, since, 
fundamentally, every growing or living cell must breathe as soon 
as it comes into contact with a highly oxygenated medium. 

Even among the Invertebrata we know of animals which may, 
in this sense, be designated as true Amphibians. The opercu- 




PlG. 55.— Gill Inngs of AmpuUaria. a, Ampullaria imularum (D'Orb.). n, long respira- 
tory siphon ; b, section m the direction of th<j arrow b ; h, the upper lung-cavity ; *, 
brancliial cavity with the right and left gills ; the cavities communicate by a passage 
in the centre of the dividing wall. 

lated snail Ampullaria (fig. 55) has a well-developed branchial 
cavity and gills, and above these, and separated from them, it 
has a well-developed lung-cavity, of which the structure is pre- 
cisely similar to that of the lungs of our common land-snails. 
The Ampullaria uses both organs in rapid alternation ; lying 
not fai* from the surface of the water, it protrudes above it a 
breathing siphon, and inhales air through it ; then it closes its 
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lungs, reopeDs the siphon, rtnd admits a, Btream of water through 
it into the bi'ancliial cavity.^" Some species of Neritina of 
the Philippine and Pelew Islands live constantly ou land, and 
appaitntly go into the water only when they want to lay their 
eggs; other species actually living in the water often make 
long journeys over land, as 1 myself have frequently had the 
opportunity of observing in the Pelew Islands. In these species 
the gills are comparatively small, and the roof of the branchial 
cavity is furnished with a dense vascular network of which 
the main branchea unite in one large vessel ; this is inserted 
in the heait— the auricle— and thus stands in precisely the 
tame i«lation to the lungs as the pulmonary vein of the true 




land-suidls — Ildicidm. Thus the branchial cavity in thia CSM 
seeuis to be capable of fulfilling not only its own proper func- 
tions, but also that of a lung. We know, moreover,'-'' that many 
species of crabs — Binjuslatro, Gecardmu (6g. 56), Grapsoidea, 
A'eearnia, and others— live far ft-om all I'tinning or stagnant 
water in damp woods, under stones or decaying ti-ees, and are 
even able to expose themselves to the sun for hours. In most 
of these species true gills are present in the branchial cavity, 
but they fill at most a third or fourth of the space, and the 
cavities contain, besides water, a considerable quantity of air, 
as is shown by their constantly expelling air-bubbles at the 
sides. The supply of air thus driven out can of coni^e be 
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replaced only by air, since the animals live in the air, and it 
obviously follows that they generally breathe air with their 
branchial cavities, and only exceptionally water.^^ In one 
single case this change of function has induced a modifica- 
tion of structure ; this case is that of Birgua latro, according to 
my own observations. The lower portion (see fig. 2, p. 5) of 
the gill-cavity, which contains numerous but small gills, is 
divided from the upper half by a transverse fold which turns 
inwards at the edge of the {horax-plate. The cavity thus 
enclosed is a true lung (see &g, 2), since it never contains any- 
thing but air, and the arrangement of the vessels travei-sing its 
walls proves that blood poor in oxygen enters it from the 
body, and the vessels leading from it open dii-ectly into the 
auricle. The skin on the outer and upper lung-covering bears 
a great number of ramified tufts, which add to the extent of 
the respiratory surface, and contain in their interior an extra- 
ordinarily developed network of vascular spaces, intervening 
between the afferent and efierent pulmonary vessels. These 
spring from two large vessels, proceeding one on each side from 
the anterior half of the body cavity ; each divides close to the 
foremost angle of the lung into four pulmonary vessels, of which 
three ramify over the upper and one over the lower lung-cover- 
ing. These are merged in the before-mentioned network which 
traverses the villi of the lungs. From this again proceed 
several vessels which unite at the angle of the lung to form a 
large trunk, the afferent pulmonary vessel ; this passes at first 
from the front backwards, then bends round, corresponding to 
the curve of the thorax-shield, and passes from behind forwards, 
uniting with the branchial vein coming from the interior, shoHly 
befoi'e it enters the auricle of the heart. This arrangement of 
the vessels is such as we should expect to find in a true lung ; 
the expansion of the respiratory surface which is here afforded 
by the villous structure of the lungs equally corresponds to the 
typical structm*e of all organs for breathing air; finally, it is 
positively established that the animals pass the greater portion 
of their life on land, and that their lung-cavities contain 
actually air, and never water in any greater quantity than is 
requisite for maintaining the moisture of the respiratory surface. 
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Now, since this lung perfectly corresponds, morphologically, to 
the upper half of the branchial cavity of other crabs, proof is 
furnished that here a portion of the gill-cavity has been trans- 
formed into an organ for breathing air, and has at the same 
time undergone very characteristic modifications of structure. 

The objection which certain morphologists feel to admit- 
ting that land crabs, and above all Birgtis latro, are animals 
actually breathing air and provided with lungs, appears to be 
caused by their incapacity for. understanding that the same 
organ which to-day acts as a lung may be used to-morrow as 
an organ for breathing water by the employment of the gills 
placed in it, or close to it. This objection is all the more to 
be wondered at, since the same zoologists readily admit that 
this same process — the transformation of a gill-cavity into a 
lung — has actually taken place in snails. The lung of Ampul- 
laria spoken of above might be here adduced ; still it might 
perhaps be said that it is not proved that it belongs morpho- 
logically to the branchial cavity, and that it may be a new organ 
occurring only in this genus. But the same objection could 
not be made with regard to the lungs of the Helicinidse, 
Cyclostomacese, SiphonariadaB, and hermaphrodite Fulmonata, 
for all these Molluscs have only one respiratory cavity, which 
breathes air, but which, by reason of its position and its 
relation to the other organs, may be regarded as a gill-cavity 
transformed into a lung, and which is even regarded as such by 
all zoologists. But there are among them certain forms — 
Siphonaria, the aquatic Pulmonata, Auricula — which bear a 
small gill or gill-like organ in this lung, notwithstanding that it 
is filled with air ; consequently even those zoologists who dis- 
pute the air-breathing powers of Birgua latro, merely because 
it possesses gills, must regard the above-mentioned molluscs 
as water-breathers also. This, however, they do not do, for 
they cannot deny the fact that these creatures bi-eathe air; 
hence they will be obliged by degrees to accustom themselves 
to the idea that land-crabs breathe air, and to regard the lungs, 
in them as well as in the snails, as gill-cavities which have 
exchanged their normal or primary function for another. 

At the first glance it certainly appears singular that an 
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aquatic animal whose organs of respiration are adapted to 
breathe water should be capable of learning to breathe air with 
them. If, however, we enquire somewhat more closely into the 
character of the process, it loses much of its strangeness. In 
both cases the oxygen is absorbed from the surrounding 
medium by a membrane which is kept moist, and to which it 
must be a matter of indifference whether it receives it from 
air or from water. Thus, granting that in both cases the 
osmotic power of the respiratory skin remains the same, as 
the amount of oxygen taken up within a given time naturally 
depends on the proportion of oxygen contained in equal deter- 
mined volumes of the air or of the water, the respiratory 
surface may be in a position to take up more oxygen from 
the air than from the water in the same unit of time, be- 
cause air has a larger admixture of free oxygen. Thus — if there 
is no other hindrance to an alteration in the mode of life — on 
the above hypothesis, an animal, which has hitherto breathed 
in water, will more easily accustom itself to breathe in air 
than an animal living in the air, on the contrary, can accom- 
modate itself to breathing in the water ; for in this latter case 
a deficiency, which must inevitably arise, must first be covered 
by auxiliary organs — by the skin, for instance — ^while in the 
former the originally small requirements of the water-breathing 
animal will be much more easily supplied by accommodation to 
the more copious respiration of air than by its continuiag to 
breathe in water. But whether the creature is, without excep- 
tion, benefited by a change of function, by which a medium 
poor in oxygen is exchanged for one rich in that element, of 
course is not proved ; while, on the other hand, it cannot be 
disputed that some such advantage may be connected with it.^^ 
The causes which prompt an animal to quit the water and 
to accustom itself to breathe air may be of very various natures ; 
lack of food, need of shelter, and the pursuit of prey or flight 
from foes most likely play the most important part. It is, 
however, also possible that other causes which are less obvious 
may have led to the same result; thus, for instance, the 
absolute deficiency of air in the water under some circum- 
stances may undoubtedly have exerted this influence. When 
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river cray-fish are kept in stagnant water, they soon die for 
want of oxygen, or else they quit it and prefer to live in the air ; 
it is well known that they are packed for carriage in wet moss, 
and not in water. Further back I have already mentioned 
(see p. 172) that fishes are easily drowned if they are prevented 
supplementing the amount of air they derive from the water, 
which is insufficient for their respiration, by swallowing 
air at the surface. Fritz Mliller has made us acquainted 





Fig. 57.— «, Lupftty a swimming crab tliat brcatlics only in water ; d, Ocypodctf a marine 

crab which easily suffocates iu water. 



with a few other examples. He showed that the Ocypoda^ 
which lives half its time on land and in part breathes air 
(tig. 57, h), can easily be drowned if it is held in sea-water, 
which yet contains enough oxygen to allow a Lupea diacantha 
to iccover itself perfectly when it has been almost killed by 
being kept in the air. It follows from this that the osmotic 
power of the respiratory dermal surface is extremely different in 
the two animals, and that in the Ocypoda it is not great enough 
to extract the considerable amount of oxygen necessary to the 
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creature from sea- water, which contains but little aii*, in the 
same time as from the air directly. The Lupea, on the other 
hand, cannot breathe in the air ; perhaps for this reason, that 
its gills completely fill the cavity, and so the ingress of air is 
hindered by the gill-laminse which lie too close together; most 
fishes die quickly in the air in the same way and for the same 
reason, because their gills collapse and the respiratory surface is 
conspicuously diminished. 

It is, however, only an hypothesis when we speak, as above, 
of a transformation of the gill-cavity into a lung ; for in none 
of these cases have we ourselves observed the process or 
attempted hitherto to induce it by experiment ; nay, we do not 
even know whether Crustaceans living on land, and breathing 
air — as, for instance, Birgus latro or Gecardrvus — fill their lungs 
with water and breathe through water, when in the water, or 
breathe exclusively through their gills so long as they are 
. under water. From the morphologist's point of view, however, 
this hypothesis may be regarded as satisfactory ; for, in the first 
place, the structure of a gill-lung is precisely such as we should 
ascribe to an organ for breathing air, and, in the second place, its 
position in the body is such that its derivation from the gill- 
cavity or from some portion of it is immediately apparent. 

Moreover, and finally, there is another instance that has long 
been known of such a transformation of a branchial cavity into 
a lung, but whose full significance has only quite lately been 
duly estimated. The Lymnseidse, living in fresh water, have 
true lungs ; they go from time to time to the surface of the 
water to take air into these lungs, and the oxygen contained in 
it suffices' for some time as supplementary to that which they 
absorb through the skin. Now it has long been known that 
the lung-cavity of the young Lymnsese when they escape from 
the egg is full of water, and it apparently acts as a gill-cavity so 
long as the animals do not find their way to the surface of the 
water to inhale air into the gill-cavity and thus transform this 
into a lung. Generally, it is true, this period of water-breathing 
through gills is not of very long duration, perhaps of only a few 
hours ; but Professor Forel, of Lausanne, has made us acquainted 
with some experiments which prove that there are actually 
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Lymnseidse which breathe water throughout their lives. In the 
course of his investigations of the deep-water fauna of the Lake 
of Greneva, he brought up from a depth of 130 fathoms, 
among other animals, some LymnsesB which had in their hmgs 
no air, b ..t only water, and which lived there in great numbers 
and at various ages and stages of growth. But as soon as the 
creatures brought up by the drag-net were transferred to a small 
vessel with water in it, both old and young soon crawled to the 
surface, opened the orifice t>f their lungs, and inhaled air into 
the respiratory cavity, which was still filled with water, and 
with which, till within a few moments, they had breathed only 
water all their lives. This incontrovertibly proves that an 
organ of respiration may be able to alter its function, not only 
gradually but quite suddenly, and the apparent contrast between 
air and water breathing consequently loses much of the signifi- 
cance hitherto ascribed to it. On the contrary, every watei^ 
breathing organ can easily be brought to breathe in the air, if 
only two conditions are fulfilled : First, the maintenance of 
moisture in the respiratory surface by the condensation of the 
water contained in the atmosphere ; and, secondly, the preven- 
tion of the collapse of the organ, and the consequent diminu- 
tion of the respiratory surface. 

These observations accidentally made by Forel have given 
rise to a very interesting experimental treatment of the ques- 
tion by Dr. Pauly. He showed that the Lymnseidse that exist 
in the depths of various lakes, of Geneva, Constance, and Stam- 
berg, where they can never come to the surface to breathe, 
can live by respiration through the skin and by using their 
lungs as gills ; but according to Pauly the chief action is to be 
attributed to the former. He further found that they fre- 
quently contained air in their lung-cavities without coming to 
the surface of the water, and that they obtained it by taking the 
numerous air-bubbles that cling to water-plants or stones into 
the respiratory orifice. Finally he proved by experiment that 
a Lymnaea from deep water, which had for the first time become 
accustomed to breathe air, never returned to water-breathing ; on 
the contrary, it kept its respiratory cavity completely closed, and 
breathed subsequently by the skin alone while under water.^ 
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Concluding remarks. — ^With regard to the selective inHuence 
of air and of the matters held in it— oxygen, water, carbonic acid, 
&c. — ^the same general conclusion may evidently again be drawn 
as we arrived at in the former chapters ; it results from the fact 
that different animals or even individuals never react in pre- 
cisely the same way under the influences of the atmosphere. 
Every change in its composition must therefore essentially 
alter the fauna of a country or of a locality by selection, if this 
change is not merely a transitory one — in which case an inju- 
rious or favourable influence may find compensation — but is 
continuous for a lengthened period. A conflict between the 
individuals thus affected need no more take place under the 
selection caused by the conditions we have now been investiga- 
ting than under any we have hitherto discussed. Such a 
struggle can arise from this cause only when, from a super- 
abundance of animals, the quantity of air at their disposal for 
respiration has to be so greatly subdivided, that it fails to be 
equally favourable to all the individuals. But while in all the 
former chapters we recognised not selective effects only, but 
also with more or less success a direct transforming influence 
as exerted by the conditions under discussion, and even could 
sometimes experimentally prove their existence, this has not 
been the case as to air. The proof that a change in the fone- 
tion of respiration is possible may indeed be acquired by ex- 
periment, and a not insignificant number of differences in the 
structure of the respiratory organs concerned may be very 
naturally conceived of as an immediate consequence of such a 
change of function ; but in no single case have we as yet suc- 
ceeded in proving that such a change of function as is involved 
in the transformation of a gill-cavity into a lung must neces- 
sarily be accompanied by definite changes in the structure of 
that organ. Still it must not be forgotten that in this respect 
we are not yet past the stage of the most superfiml and 
elementary knowledge. 
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CHAPTER VII. 

THE INFLUENCE OF WATER IN MOTION. 

In the previous chapter we saw that the distribution of animals 
on our globe would be essentially modified by a change in the 
proportions or in the chemical composition of air or of water. 
If the air were deprived of the greater part of its oxygen, 
only a very few species of animals could continue to live — only 
those, that is to say, which could endure such a diminution of the 
respirable oxygen contained in the air. If, on the other hand, 
a larger quantity of oxygen could be added to the water than it 
usually contains, it would appear probable that many animals 
fitted for breathing in the air would be thus enabled to live 
in the water if any other cause made such a change of habit 
inevitable ; consequently land animals would become aquatic. 
It is not probable that such a complete change could now 
ever actually take place; but smaller changes in those con- 
ditions of life might occur, in fact actually do occur. We 
know, for instance, that, according to the direction of the wind, 
the air at the surface of the earth is light or heavy, that it is of 
difierent density in low plains and on heights, and varies very 
greatly in its composition ; it is different in the dwelling-places 
of man and under the shady roof of forest trees, on the open sea 
and in the Sahai-a or the boi*eal regions of the eastern and 
westein hemispheres ; and the percentage of moisture in the air 
vaiies with the temperature and the prevailing winds. The 
constituents of water are equally variable ; in lakes with marshy 
shores they are not the same as in running brooks or rivers ; 
they are different on a limestone soil and on sandstone ; the 
amount of saline matter in solution {sensu strictiori) varies con- 
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spicuously in the different oceans and. inland seas ; some water 
is rich in oxygen or carbonic acid, in others these are wanting ; 
in some cases we find large quantities of calcic carbonate, magnesic 
sulphate, and other salts in the water, which is then termed 
hard ; in others, as is usually the case with rain-water, these 
salts are almost entirely absent. 

All the differences here briefly enumerated, and many others 
not specified, which affect those conditions of existence which 
depend on air and water, must have moi*e or less in- 
fluence on the forms of animal life ; some species will abso- 
lutely die out, others will remain wholly unaffected, while 
others again will become modified in their habits of life as well 
as in the structural relations of their organs (for instance, 
Branchipua and Artemia), Now, if we assume that these 
variations must be perfectly inappreciable to our individual 
perceptions — ^secular variations, as they are termed — the modi- 
fications which are caused by these secular variations in the 
animal life of any given country must also be inappreciable by 
man ; the apparent constancy of the conditions of life, so far as 
they depend on air and water, will make the fauna appear 
equally constant to our unaided vision. This hypothetical 
constancy does actually exist, if wo disregard the variations 
occurring within the space of a day, a month, or a year ; the salt 
constituents of the different oceans and inland seas remain 
perfectly identical, as well as the moisture contained in the air 
or in the composition of the atmosphere; we are in no way 
cognisant of any perceptible variations in the conditions of 
existence within the historical epoch of our globe. Hence we 
may without hesitation assume that any alteration caused by 
such variations in the fauna of any locality or in the mode of 
life of any animal and in the structure of its organs can never 
have been perceptible to us. 

Nevertheless these two conditions of existence, air and 
water, are precisely those which are most constantly at work 
on animal types, and which are also the best qualified of any to 
bring them into ever fluctuating conditions of existence, and 
it is their capability for being moved of which nature avails 
herself to effect the constant transfer of animals from one 

10 
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place to another. . The passive migrations of animals are 
effected entirely by the winds or currents, and their voluntary 
movements are limited or favoured by them. Finally, the 
stren2:th and direction of these currents in the air and water 
provide nature with so many instruments for influencing 
different animals in their individual life and growth ; among 
those so influenced, above all, are those which we may call 
sedentary, in which a marked effect on the mode and vigour 
of their growth can be traced to the moving medium. 

We will begin our enquiry into these important problems 
by investigating the influences of water t7i motion. But it 
must once more be pointed out that the influences discussed in 
our former chapters must always be inseparable fix)m those^ 
proper to the currents, so that the total effect of the water arises 
from the combination of several influences, not one of which 
need ever act in the same direction as any ether ; on the con- 
trary, they frequently neutralise each other. If, for instance, 
the larvae swimming in a sea were, without exception, drifted 
by the same current simultaneously into an estuary, they would 
apparently be thus enabled to take possession of the new 
territory ; nevertheless all those forms would die out which 
were not at once able to endure the reduced saltness of the 
water in the est\iary. A stream of warmer water, as, for instance, 
the jVIozambique Channel flowing past the east coast of AMca, 
will have a tendency to convey animals of warm latitudes into 
the colder seas ; but only a few species — those we have designated 
as Eurythermal — will be able to establish themselves in them 
easily. It is true that the difference in the conditions of life 
under migi^ation by means of sea-currents is not always so 
conspicuous as in these exti*eme cases ; but all creatures are 
exposed to changes of less intensity, if, in the larva or in the 
fully grown stage, they are borne from one place to another. 

If we now h?ave out of the question those influences of the 
constituents and temperature of the water wliich are inseparable 
from its currents, and direct our attention solely to these, the 
mechanical factor of their momentum is what we have to 
consider as exclusively important. The direction, the rapidity, 
and the strength of the current unite to affect the animaJa 
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exposed to them ; some they will annihilate, others they will 
ti-ansport against their will to other spots, and others again they 
will affect by hindering or promoting their growth. 

The resistance of animals to corrents. — The effects of water 
in motion may be displayed in two different ways : in the first 
place, as sudden and ii'regular blows, as in the beating of 
waves or surf; secondly, equally and uninterruptedly, as in 
currents. Excepting in some few instances, we need not en- 
quire more closely into the effects of sudden shocks, for either 
they at once destroy the creatures exposed to them, or these are 
able to withstand them ; this, however, can but rarely be the 
case under heavy blows. Currents are far more important. 

In general we estimate the pressure of a cuiTcnt, in seas, 
rivers, or torrents, by its velocity, assuming that the current 
exerts its force perpendiciUarly to the body resisting it. Such 





FiQ. 58.— MoUusca that cling tightly to rocks by the foot, a, Patella, the shell of which 
entirely covers the soft parts, vhich are pressed down on the rock ; 6, Nuvictlla, fully 
extended, only the tentac:es projecting beyond the front of the shell. 

cases, however, but rarely occur in nature, and in places where 
a current or high waves break perpendicularly to the cliff a 
very small number of animals can live — such, for instance, as 
are sufficiently protected by the strength and form of their shells 
against destruction, or by the sucking power of their foot 
against being torn or washed away, like Patella in the sea 
(fig. 58) or Navicella^^ in strong mountain torrents; or 
forms which not only are covered by a hard external shell, but 
who.e shell Ls grown to the rock, such as the Sea-acorns 
(Bcdanidce). The pressure to which these animals are subjected, 
either perpendicular or lateral, must sometimes be enormous ; 
it would be interesting to ascertain by experiment how 
great it actually is in individual cases. A knowledge, how- 
ever, of the maximum of pressure which can be generally borne 
by the animals above mentioned and others of analogous 
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structure, would not, as it would seem, be of any universal 
interest ; for it must be very difficult, if not actually impossible, 
to make experiments on such creatures. We must remain 
satisfied with the fact that permanently fixed animals, or such 
as can attach themselves temporarily, exhibit, without exception, 
organs of such structure, form, and character as most clearly 
prove the adaptation of the animal to the developments of its 
powers of resistance. Their fitness to live depends exclusively 
on this power of becoming fixed or of clinging ; and if onc^ they 
are displaced by a too violent lateral shock, death almost always 
ensues. 

This group of sedentary animals, spending theii* lives fixed 
to one spot, exposed to and resisting the pressure of water in 
motion, may be contrasted with another which, to express 
myself for once in the terms of the Teloologist, so far over- 
come the momentum of the water as to use it to their own 
profit. Swimming animals do not feel the strength of the 
current so long as they swim with it or are carried on by it ; it 
is only when they try to swim against it, directly or at an 
angle, that they feei its force, and it is not till then that they 
develope those organs or characters from which they derive the 
requisite power of resistance. It is peifectly immaterial to all 
the very tender sea creatures, containing not more than from two 
to three per cent, of dry matter — such as Siphonophora, Medusae, 
Salpse, and larvae of all kind — whether they are carried by the 
current at a rate of two or of ten miles an hour ; nor, indeed, 
can they be conscious of it so long as they are not flung against 
a hard object. 

We will consider these two groups, ^tnd the organs which 
distinguish and demarcate them, somewhat more closely. 

The organs and characters which are possessed by migratory 
Hnimals, and allow of their moving and of their taking advan- 
tage of the transporting power of the currents, are extraordinaiily 
various ; and yet they admit of our easily dividing th§ animals 
into two great groups. These are (a) the animals that move 
voluntarily or swim, and that move from place to place of their 
own free will ; and (b) those that move involuntarily or float 
and are carried passively by the stream. The former require 
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swimming organs, the latter do not. In the former the specific 
gravity, compared with that of the stratum of water in which 
they live, must be a little in excess. In the latter it may 
be the same as that of the water, or even less. This comparison, 
however, is not, and cannot be, absolute ; for since the strength 
of the current varies with that of the wind, with the fall and 
the mass of water, &c., most of the actively swimming animals 
even, must often be transported passively, as, for instance, when 
their strength is insufficient to contend with the current ; nay, 
even the strongest swimmers, as the Porpoises, "Whales, Sharks, 
«kc., must often voluntarily allow themselves to be borne along 
by it. Those organs which serve to enable swimming or floating 
creatures to maintain a position at the surface or at a certain 
level, are known in zoology as hydrostatic organs ; to these 
belong, for instance, the swim-bladders of many fishes, the air- 
bladders which keep floating colonies of polyps (Siphonophora) 
at the surface of the sea,^^ also those air-vacuoles which are 
sometimes found in the protoplasm of testaceous Hhizopoda 
(Arcella). Even creeping animals, such as the fresh-water snails 
(Lymncea, Physa, Planorbis, &c.), can become floaters, for they 
fill their lungs so full of air that they become specifically 
lighter than the water, and consequently rise to the surface.®^ 
This enables them to creep by the motion of the cilia or by the 
action of the foot on the stratum of air in contact with the 
surface of the water. It is easy to see from these examples 
that nature employs an infinite variety of means for solving so 
simple a problem. In Arcella it is a temporary bubble, which 
disap})ears when the creature desires to sink to the bottom ; in 
the Siphonophora the organ appears to serve no purpose but that 
of keeping the colony at the surface ; in Fishes, as we have seen 
above, the hydrostatic organ also subserves the purpose of an air 
reservoir, and in some cases even of a lung in the physiological 
sense; in the pulmonate water-snails, again, the lung itself 
can, at tjio will of the animal, become a hydrostatic organ. 

Far more various and important are the actual swimming 
organs of the true swimmers, by which they are enabled to ex- 
change an unfavourable spot for one more .suitable, to escape 
the pursuit of their enemies, or to extend their own hunting- 



206 THE INFLUESCE OP IXANIUATB SURROtN DINGS. 

ground. In the first plac«, in all awimiaers, the whole body 
Eerres as a means of motion ; snakes and eels or similar crea- 
tui-es with very long bodies swim exclusively or in preference 
by a wi-iggling motion, and even much shorter animals, as 
bleak, &c., cin swim without fins, but then their power of 
directing their movements is greatly impaired. Such organs as 




serve exclusively or chiefly to enable swimming animals to 
move in a determined dii'eetion iire known by the general term 
of fins. Notwithstanding the widest difference in their structure, 
and though tiiey may have but small morphologiciilcorre.-ipondence 
in different creatures — as will be understood, without any more 
detailed compaiison, from the subjoined illustration (fig. 59) — 
they have, without exception, certain peculiar characters, which 
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have a direct reference to their purpose and function. In the first 
place, they have cutting edges and a broad surface, by which 
the animal is enabled to exeii; pressure on the water in the 
most efficient and natural manner ; in the second place, they 
are, without exception, attached by movable joints in such 
a way as to serve for steering. Such fins occur in the greatest 
variety in both Vertebrate and Invertebrate animals ; in whales, 
sea-serpents, and tailed Amphibia, ou the tail ; in many Fishes, 
as single fins on the back, belly, and tail, and as paired 
fins on the body, where the lower or hinder extremities 
or limbs are modified into fins. In many Birds, both wings and 
legs serve as fins ; ^® Mammalia and Reptiles alike are often 
fin- or web-footed (crocodiles, turtles, and aquatic mammalia). 
In insects, the legs (in Notonecta) and sometimes special ap- 
pendages of the body (as in the larvae of Epheinera) or even 
the wings (Folynema), are used for swimming ; in many Crusta- 
ceans all the legs are true fins, and in several of the Annelida 
each segment of the body bears a pair of fins. The larvae of 
Mollusca have them on the head, Cuttle-fish at the hinder end 
of the abdomen ; in short, there is hardly any portion of the 
body on which some little lobe or process might not serve as a 
fin. A small and delicate creature, like a Medusa or the larva 
of a Mollusc, may find a ciliatetl disc or margin, or even a few 
scattered cilia, efficient as fins in spite of their fragility ; large 
animals, as whales, sharks, &c., require larger fins provided 
with strong muscles, and supported on an internal skeleton. 
In all cases the serviceableness of these organs depends on their 
being fitted to move tlie whole mass of the creature in a defi- 
nite direction, with or against currents ; if the extent of sur- 
face of the fins, or the strength of their motor muscles, or the 
supporting power of the skeleton, is insufficient for this purpose, 
the individual possessing such inefficient fins must necessarily 
perish. Thousands or millions of such inefficiently equipped 
aquatic animals must be swept away every day and every hour 
by the currents to which they are forced to commit themselves, 
and here again the external conditions of existence select the 
stronger, and eliminate the weaker, individuals, without the 
need of any personal stniggle between them. 
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Sedentaiy animals, not properly swimmers, are either fixed 
to their dwelling-place or only temporaiily attached. The way 
in which the^e animals either yield to or overcome the effocta 
of ciiiTPnts has already been indicated ; the hardness and shape 
of the shells, the adhering power of the foot, or of the skeleton — 
as in coRiLs — protect them against the steady lataral pressure of 
currents, but if they lose their hold or ai* broken off, they 
lire soon destroyed. Only certain creatures, as many sponges 
and some polyps {Hyilroida), although they are fixed, escape by 
other means the destructive effects of strong currents; their 
extreme tenacity of textnre, elasticity, and plian<7, in which 




they resemble many water plants, qualify them to live even in 
strongly agitated currents. 

Oi'eepin^' creatures, which attach themselves only tempo- 
rarily to stonio and phints, and can quit them at pleasure, have 
special orfpiiis nf attachment. Thus, in most univalves and 
some biviilvea, the part known as the foot serves this purpose ; 
the bi-oad under-svn-face clings closely to the oliject they adhere 
to, but at the same time can leave go of its hold. The force, 
liowGver, with which the foot adheres is not meroly not absolute, 
but is even relatively different in individuals of the same 
KjK«ies at various ages. In the coui-se of my experiments on 
the pond-snail {^Lymncea sfnynalis) I found that those just come 
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from the egg have so little clinging power in the foot, that the 
feeblest cunent suflfices to sweep them off the leaves on which 
they seek for food, although the clinging surface is just as 
large in proportion to the length of the shell as in the fully 
grown snails, but the older ones can move about freely in a 
current of moderate strength. Dr. Kobelt, in Frankfort, took 
occasion, when discussing my experiments on Lymnaea, to show 
that this fact tends to explain the remarkably wide distri- 
bution of this mollusc. It usually lives in ponds and lakes ; 
sometimes, however, it is found in brooks or rivers where the 
current is feeble ; but in these, only fully grown specimens are 
found, and they are by no means so numerous as in stagnant 
waters. Hence we may infer that they were carried by floods 
into the stream at these spots, when already half grown, while 
the young ones transported at the same time perished for lack 
of food, in consequence of their inability to cling to leaves in the 
current. Multiplication in a strong current is equally impos- 
sible to the Lymnaea, and for the same reason ; since, even if the 
young escaped from the egg, they must shortly perish in conse- 
quence of the weakness of the foot. This explains why Lymncna 
atagnalis seeks situations where the water is stagnant, for it is 
only in such spots that the conditions of life are suitable to 
every stage of its growth. It would be interesting to institute 
similar experiments with other species (rf Molluscs, and I have 
no doubt that the results that might thus be obtained would 
contribute to explain many facts hitherto inexplicable as to the 
distribution of fresh-water snails. 

In some cases an increase of clinging power is accompanied 
by peculiar modifications of structure in the creature itself, which 
may perhaps be even regarded as its direct I'esult. Among the 
fresh-water Univalves of the tropics of the eastern hemisphere 
there is a genus, NaviceUa, which is identical with NeritiTia in 
all the essential characters of its anatomical structure.®^ Both 
belong to the same family of univalves, and bear a calcareous 
plate on the hinder part of the foot, knoAvn as the operculum 
(see fig. 61), which is commonly of the same shape as the mouthl 
of the shell, so as to close it perfectly when the animal draws in 
the foot. But, in order to do this, it must necessarily leave 
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its hold of the object to which it is clinging, and, in point of 
fact, many NeritinaB attached to stones fall off at the slightest 
touch. There is no doubt that they thus easily escape from 
the pursuit of their enemies, precisely as many beetles living 
on leaves elude the search of the entomologist by dropping off 
them. If such a Neritina were suddenly transferred to a 
rushing mountain stream, it would undoubtedly soon be crushed 
by the rolling of the pebbles, if it preserved its habit of falling 
at an unexpected jar. 

All animals possessing this peculiarity are, therefore, unfitted 
to live in currents of any force ; and the creeping creatures living 
in such a situation must be able either to hide in the narrowest 
cracks and fissures in the rocks, or to bore into the earth or the 
stone itself, or else must have such clinging powers of the foot 
as may enable them to resist the shock and pressure of the water 
by attaching themselves firmly to the rock, and applying the 
margin of the shell so closely to the suiface of the stone that it 
is difficult or impossible to remove them. This is in fact the 
case ; all the Neritinas that I found clinging to the surface of 
the rock in exposed spots in the mountain streams of the 
Philippines, adhered as closely as possible, as soon as I touched 
them. But in this respect many NavicellsB are still better 
qualified ; they often live in the midst of a dashing torrent, 
adhering to the stones by suction, so closely that it is difficult 
to raise them, even with a knife, without injuring the margin of 
the shell. This is effected partly by the sucking power of the 
foot and partly by the form of the shell, which is fiattish, 
conical, and oval, and has an operculum which is smaller than 
the marginal circumference of the shell. The relatively small 
size of the mouth is owing to a calcareous plate forming a sort 
of half-deck across the back of the inside of the shell, and which 
may be considered as identical with the inner whorl of other 
Univalve Shells, while the foot is so broad that it quite covere 
the under surface of this half-deck, while its margin corresponds 
exactly with the oval of the mantle, and also corresponds with 
that of the shell. If a Navicella is removed from the spot 
to which it is clinging — and this is not difficult to do if it is 
taken by surprise — it can be seen at once that the animal cannot 
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l>ead up its large foot and withdraw it completely into the 
shell like other lml^a]ves even when it is plunged at once 
alive into spirt the foot remains ugid and almost straight. 
Thus an operculum placed on the hinder surface of the foot, as 
m Neritina would be useless since it cannot serve to close the 
opening and to protect the soft porta if the foot cannot be 
itithdrawn but the Navicella as has been said, does not 
need any &ucli protection since it clmgs more closely to the 
rock when threatened with danger and we might espect to 




Fio. SI .— Dlagrun ol section throggh Kei-irb 
lella ; c, Smliaa (Pp, eperaidmn), d, open 

find, on examination, that it bad no operculum. Jn this, how- 
ever, we should be quite mbtakeo ; in all the Navicellte, without 
exception, there is a true operculum placed, exactly as in all the 
Operculata, on the back or upper side of the foot. It agrees 
too in structure with that of Neritina, but it is much smaller 
than the month of the shell (fig. 61), and the little hook 
which Bervns to attach it to the muscle of the foot, and 
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which in Neritina is very small, is modified in Navicella into 
a large thin plate appearing as a direct prolongation of the 
free portion of the operculum ; finally this lies in a small fold 
between the back of the foot and the horizontal deck inside the 
back of the shell. Thus it is evident that the operculum of 
Navicella comes under the head of rudimentary organs, for it 
can neither revolve through an arc of 180*^, as it would have to 
do to close the shell, nor could it close the aperture even if it 
were brought into the proper position. Now, as Navicella is in 
eveiy other respect a true Neritina, it may be regarded as one 
which, by long inui'ement to living in rushing mountain streams, 
has had its shell modified in the way most suited to those con- 
ditions, while the operculum, in consequence of long disuse, has 
become a peculiar degenerate or rudimentary organ.*®® 

The foregoing cases show us that sometimes even the 
weakest currents may act as potent means of selection between 
difierent species or individuals, and they also prove that animals 
nearly allied, or individuals of the same species, may be quali- 
fied at different stages of growth to resist the strongest cur- 
rents or the most violent shocks by some modification in their 
mode of life. The characters thus developed clearly exhibit 
their connection with the creature's mode of life, since its 
power of resistance evidently depends on them ; and in the 
instances where, as in Navicella, rudimentary organs occur, 
their derivation from organs formerly of physiological value 
may be attributed to the indirect action of the currents. But 
it must not, at the same time, be forgotten that the degene- 
ration of an organ is, in point of fact, no more explained hy 
its disuse than the continued existence of a still serviceable 
organ, as e.g. the eye, is explained by the fact of its utility or 
by the evidence of the vast importance of its use. 

Nevertheless, there are a few instances in which the direct 
effects of more or less constant currents of different force on the 
form of certain animals admit of easy proof. 

The direct mechanical effect of currents on the stmctore 
and growth of animals. — It is evident that this influence 
cannot be exerted in any considerable degree on any but fixed 
animals, at any rate in such a way as to modify or determine 
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their growth ; »nd it ia plain that if fi'eely ci-eepingor swimming 
creatures are eK|>osed to it they will probably in most cases be 
destroyed. Sometimes, however, these are capable of escaping 
ita effects by their own strength. 

This occurs, for instance, in the case of many Mollusca, of 
which the shells are often much injured by erosion. All 
conehologists are well aware that the shells of freshwater 
Mollusca in particular are generally more or less eroded ; in 
many places it is very difficult to find any number of certain 
species of shells that are not thus worn away, and the process 
commonly begins at the apex of the shell. It can hardly be 
doubted that there are very various causes for this ; in many 
cases, which I myself have observed and studied minutely, 




two causes have combined — namely, the boring powers of the 
filaments of certain Fungi and the constant wear of fresh- 
water currents, by which, in the Philippines, the shells of 
various species ofMdania, ^avii:eUa, and ^eritina are attacked. 
How this occurs can only be understood by briefly studying 
the atructui'e of such shells. 

In the shells of BivalvEs as well as in those of Univalves 
three typical layers of structure mny be distinguiaheJ : the outer 
one consists invariably of purely organic matter, known to 
concholc^sts as the epidermis ; the two inner layers consist 
of calcic carbonate, combined with a very small quantity of 
feebly developed organic matter. The outer layer of these two 
is commonly designated as the prismatic layer ; the inner one 
aathe mother-of-pearl or nacreous layer."" In most of the 
Mollusca living in fresh water the external organic layer 
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is, rolatively speaking, of considerable thickness, very tenacious, 
and perfectly impermeable hj vater ; and there can be no doubt 
that, merely by its resistance to the action of water, it serves to 
protect the calcai'eous inner portion of the shell against its 
Bolvent and destructive effects. Indeed, this is proved by the 
subjoined eketches of one or two shells, of which the calcareous 
layers have been deeply eaten into, while the organic cuticle 
hangs about the shell io thin i-aga, hs it were, above the holes 
or i>it3 (fig, 63). The question now is: How did erosion fii'St 
begin in these cases 1 For, though it would be perfectly 
intelligible that the face of the calcai-eous layer, when once 
laid bare, nhould be easily eaten into by the action of tiie 




carbonic acid in solution in the water, it must have been per- 
fectly protected against this action by the cutic'e so long aa it 
remained perfect. 

Microscopic examination of the shells hei'e depicted has 
shown tlmt the substance is penetrated all over, but more 
especially in the immediate circumference of the eroded spots, 
by innumemhle perforations caused by a minute boring Fungus; 
these perfo;-ations are usually perpendicular to the surface of 
the shell, nnd might easily be supposed to be a normal pecu- 
liarity of its texture. These boring fungi are also to be found 
in shells which appear to lie perfectly sound, being still com- 
pletely enclosed in their brown cuticle, while others are already 
slightly eroded at the apex. This supplies us with the reqviired 
explanation. The boring fungi, of which the spores are con- 
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stantly being carried down towards the shells by the water, 
attach themselves to the most prominent portion, which is at 
the same time the oldest and has the thinnest cuticle; they 
gradually penetrate the shell, and thus the calcareous layers are 
exposed to the action of the water ; this, in consequence of the 
carbonic acid it contains, eats into the prismatic layer, and, as 
a minute vortex must be established in each little hole by the 
action of the current, the chemical effect may be enhanced by 
the mechanical action of the stream. By degrees this erosion 
proceeds more rapidly than the destruction of the cuticle by 
the action of the fungus, and thus long strips or rags remain 
free, covering the pits worn by the water. The pits at last 
show to some extent unmistakable traces of the chiselling action 
of minute whirlpools. 

Of course, in time, these will gradually eat through the 
nacreous as well as the prismatic layer, even without the 
assistance of the fungus, and finally the soft portion of the 
animal itself will be laid bare. The creature protects itself 
against these injurious effects simply by secreting fresh layers 
of calcareous matter, and thus the structure of the shell 
is considerably altered. It is certainly difficult to under- 
stand how the creature is able to secrete a new supply of 
calcareous matter precisely at the spot where the shell grows 
thin; for this does not take place in the first instance only 
when the shell is actually worn through, but without exception, 
on the contrary, at a much earlier stage; as is pi-oved by the fact 
that shells piei-ced quite through are never, or extremely seldom, 
found. It may perhaps be assumed that the impact or pressui-e 
of the whirlpool is more perceptible at the thinner portions of the 
shell to the creature within, until at length the local irritation 
it produces excites a more copious secretion of the shell-forming 
fluid by the skin. Thus the same power which is exerted to 
destroy the shell at the same time incites the animal to defend 
itself against its injurious effects. 

Similar results from currents on the animals living exposed 
to them, whether free and creeping or occasionally sedentary, 
could be pointed out in many other cases ; thus, for instance, 
the forms of the shells of many univalves seem especially 
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adapted to i-esist pressure or impact in a certain direction. Id 
the total absence of any exact knowledge on this point, we may 
set such cases aside and address ourselves to the investigation of 
those where the mechanical influence of a constant current is, 
by itself, of manifest importancs in modifying the growth of 
fixed or sedentary animals. 

In this respect the Coral animals are of predominant im- 
portance, for in all the specie s, large and small, the tendency 
is conspicuously manifest — and in the individual Polyps as well 
as in the whole mass — ^to exert the vigour and direction of 
their growth to counteract the strength and direction of the 
cuiTent or pressure they may be exposed to. On the other hand, 
the question as to the way in which the growth of Corals maybe 
affected or modified by external circumstances is of the greatest 
importance with reference to Darwin's well-known theories as 
to the origin and formation of coral reefs. We should have no 
occasion to give much attention to the phenomena I allude to 
if they either simply availed to confirm Darwin's views, or, on 
the other hand, in no way affected them ; but as they elucidate 
in detail the same views, antagonistic to Darwin's, which 
I have gradually arrived at after a careful investigation of the 
whole mode of growth of coral reefs in general, I feel called 
upon here to describe them fully. The high authority which 
every opinion expressed by Darwin has, and always must have, 
in my estimation, would of itself justify our giving our best 
attention to a thorough investigation of any question bearing 
upon them ; and it seems all the more permissible in this in- 
stance, because the easy application of Darwin's theories of 
coral-reef formation, their extreme simplicity, and partly also 
the gi*eat interest which has always been excited in the popular 
mind by the processes of coral growth, have made them almost 
universally known to the geologist as a convenient hypothesis, 
and to the layman as one easily grasped and understood. In 
the following disquisition I shall proceed from special cases, and 
afterwards discuss the more general question. 

A. The influence on growing corals of a constant current 
produced by other animals. — So long ago as the year 1837 
Stimpson described a small crab, under the name of Jffapalo- 
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carcinus marsupialisy which had bean discovered in the Pacific 
Ocean by Dana, in the course of his great voyage under the 
command of Wilkes. Irrespective of other peculiarities, this 
was distinguished from all other crabs by a remarkable pouch 
in which the female carries the young, formed by a prolonga-' 
tion of the lateral plates of the abdomen. Subsequently Heller 
described another species of crab from the Red Sea, under the 
name of Ort/ptochirtis coraUiodytes, of which the female has 
egg-pouches similar to those of the other genus, but the form of 
the body is otherwise quite different. While the general form 
of Hapalocardnus is lenticular, Cryptochirua has a thorax of 
perfectly cylindrical shape, with a head terminating obliquely, 
so that it strikingly resembles several of the cylindrical wood- 
boring beetles. The singular mode of life of these crabs was, 
however, unknown to both these naturalists. 






FiQ. 64.— The crabs forming galls on corals, a, Cryptochirus (male) ; 6, Coralliodytes 

(female) ; c, Hapitlccajxinus marsupialU (female). 

As 1 was able to study both species alive in the Philippine 
Islands, I will here give my observations in detail. 

For both of them an association with living Corals is indis- 
pensable, and the influence of the Corals on the Crabs is as 
direct and important as that of the Crabs on the Corals. Hapalo- 
carcimis *°^ has hitherto been detected only in pieces of branch- 
ing coral ; I have found it on Sideropora digitata and palmata, 
and on species of Seriatopora ; Verrill found it on Focillopora 
ccespitosa in tjie Sandwich Islands, and D. Graeffe discovered it 
on two species of Seriatopora, On all these corals the crabs 
produce a peculiar excrescence on the twigs (so to speak) of a 
branch ; these growths, which ai-e sometimes very broad and 
massive, and sometimes very slender, grow opposite each other 
in such a way that the crab settled between them is perfectly 
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BuirOTinded, and thus enclosed, in the gall which gradually 
forms. 

It is not difficult to infer what the whole process iau%t be 
from the different stages observable on one single mass of coral. 
-A diseased excrescence is first produced by the young crab 
establishing itself between two branchea, and the twig thus 
originating takes various forme according to the character of 
the species of coral. This is very conspicuous in the diiFerent 
Bpecimens lying before me. In the Seriatopora, both the twigs 
are leaf-shaped and l>eset with moi'e or less numerous offshoots 
terminating in sharp spines ; in the more BoLd Pocillopora the 
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twigs also have spinea, but they are moi-e massive ; finally, in 
Sideropora, spines are wholly absent, and the two twigs between 
which the crab lives are altogether more massive. In the first 
instance the two leaf-like twigs are of course far apart, so that 
the crab could easily get in and out ; but aa it does not do this 
it is soon so surrounded by the growing together of the twigs, 
that it must I'emain a pi-isoiier. The creature requires a con- 
stant and rapid renewal of the water in the gall in which it 
lives, for the purpose of respiration; at first the water finds 
a, free passrigo on all sides, but when the two twigs have 
bent over towards each other, the space through which it can 
find entrance and exit must grow narrower and narrower. 
Moreover, from the structure exhibited by galls broken off from 
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the coral, it may be concluded with certainty that the crab 

movea about very little in the cavity, for otherwise we should not 

find the very distinct scars which are evidently produced by 

continual scratching in one spot. Since, in all the craba of this 

group, the current of water for bi'eathingenters the body close to 

the moutb, and passes out again at the hinder margin of the 

branchial cavity, the stream passing through the gall must 

aln-ays 0ow in one and the same direction. The results are 

easily recognisable in the half or wholly » 

closed gall. The two excrescences on the 

coral grow together quickest in those spots 

which are least exposed to the current 

through the gall ; there also they fii-st < 

into contact, till at length only two fissures, 

mot's or less wide, are left, which plainly ^ 

show, by their position opposite to each 

other, that it is through them that the cur- ^'"^i^^,^'^"^,'^ 

rent for respiration passes; one fissure serves m*^'* S^o'wnd'-T 

for the influx, the other for the exit, of the ttie gaii ivm a (srtw 

water. These two slits remain open so long wnicii aursb wrb en- 

as the crab is alive ; no living crab is ever " 

found in a closed gall, and they are for the most part perfectly 

empty. 

It is imiKissihle not to conclude from this state of things 
that the fissures are kept open by the force of the current 
flowing through them ; but still this can only occur when the 
force of the current is esactly commenaurate with the strength 
working in antagonism to it, which is exerted by the growing 
polyps. These are constantly tending, as is shown by the 
dift'erent stages of the gall, to i-ediice the space between the two 
sides of it ; at first this may be quite easy, but as the force of 
the cuirent is gradually increased by the diminution of the 
fissure, at last a stats of equilibrium must be reached in which 
the forces neutralise each other. Thus, though in the first in- 
stance the coral was able "to continue its growth unhindered, 
after the manner of its species, it ere long found an obstacle, 
which it was unable to contend with, in the current produced 
by the crab. Hence we are justified in supposing that similar 
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hindrances, which might be opposed to the growth, in any 
spot, of much larger masses of coral, would check or modify 
their growth in the same way, 

I mivy for the present jjostpone the application of the prin- 
ciple thiia arrived at ; but it will repay our trouble if we direct 
our attention to some other phenomena observable in these 
same galls. The walls of the leaf-shaped exci'escences that 



form them bear polyps not only on the outer surface, but on the 
inner surface as well ; this is proved by the fact that both are 
closely covered by little depressions, which, from their atrncture, 
can only hiive been formed by polyps, Kow, aa the polype 
situated in the cavity were just as much exposed to the effects 
of the current as tliose on the margin of the fissure, they must 
show the traces of this influence, if indeed any such influence has 
been exercised during the growth of the gall. This is, in (act. 
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quite unmistakably the case. Kot one of the cups is normal 
in structure ; the depression, which in the external polyps is 
very deep, is here no more than a shallow pit, and the septa (or 
party walls) of the cup are very slightly developed. Hence it 
follows, with some degree of certainty, that the polyps on the 
inner surface were not able wholly to overcome the resistance 
of the current passing over them. This direct action of the 
stream k unmistakable in many of the cups, where the polyps 
were exposed to the greatest force of the current produced by 
the crab ; for they are placed obliquely on the fissure and directed 
outwards, as they must have grown, supposing them unable to 
grow against the stream. 

We see from this that the current caused by the crab is 
sufficient not merely to force the diseased excrescence on the 
coral to take a pai ticular direction, but also to check the growth 
of the individual polyps quite as considerably, and to divert 
them from their normal growth. 

The influence of the respiratoiy current of crabs of the 
genus CryptochiruSj which live only in the more massive forma 
of coial, appears to be exerted in quite a diflferent way. I 
found them in the Philippine Archipelago in cavities in 
Goniastroea Bournoni, in an undetermined true Aatrcea, which 
was unfortimately lost, also in an undescribed Trachyphyllia ; 
finally I received a new form through A. Agassiz from the 
West Indian seas, which may perhaps form a distinct genus, 
though it is very nearly allied to the first. It also lives in a 
Trachyphyllia. ^°^ The reader will see that they all belong to the 
massive corals, and, in correspondence with this circumstance, 
the cavities in which these crabs live are totally unlike those 
in which Hapalocardnus is found. Here there are no galls, 
but merely cylindrical or funnel-shaped hollows, which are 
never closed during the lifetime of the crab, so that it cer- 
tainly would be able to quit its position. Nevertheless, it as 
certainly does not do so ; but the species I observed living 
thrust the forepart of their bodies very far out of their pecu- 
liar * Cfive-dwellings,' so that only their pouches, i.e. the hind 
part of the body, remained within. The cavity itself exhibits 
some remarkable peculiarities. The bottom of it, on which the 
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pouch rests when the creature has completely withdrawn itsnlf 
into it, displays the radial septa of a polyp-ciip one above 
another. They there are perfectly distinct, while the side 
■walls of the cylindrical cavity are ao completely lined with a 
thin calcareous crust that nothing can be seen of the perpen- 
dicular septa of the polyp-cup. From this it is evident that 
the young crab, or the larva of it, takes up its abode in the 
centre of a, cup, and so kills the polj*p inhabiting it. A speci- 
men now lying before me, with an incomplete cave-dwelling, 
ihowa that the crab grows at first at the same mte as the 




■nlliodila, HlUer) ii ^Uiag, < 



siuTounding polyps : for the margin of the crab's hole, which 
is perfectly cylindrical, is on exactly the same level as the 
neighbouring cups, and its breadth too is exactly the same. 
The cavity is six millimiti-es long, and the length of the crab 
found in it exactly corresponds. In another esjimple, however, 
the length of the pit is twenty niillimeti'es, while that of the 
crab belonging to it is not more than seven millimetres, at any 
rate in the dried state. This proves that the crab ceases to 
grow much sooner than the coral ; and this conclusion is strik- 
ingly confirmed by the fact that the margin of the cylindrical 
pit is not on the same level as that of the surrounding polyp- 
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cups, but much deeper in. From the margin of the crab's 
dwelling, properly so called, there is a funnel that widens to 
the top, and of which the margin, as is shown in the cut (fig. 
68), is gradually merged in the upper prominences of the coral. 
The crab living in the funnel thus formed was carefully 
observed by me during a long period of its life, and I was 
enabled to see that it protruded itself far enough out of its hole 
to be able to reach with its outstretched fore-claws almost 
to the highest portion of the funnel. 

The whole conditions here described ^°^ allow of no other ex- 
planation than the following : At fir^t the crab and the coral 
grow at an equal rate ; for, if the coral grew more rapidly than 
the crab, an inverted funnel or hollow cone would be formed 
over the crab, while, if the crab grew the faster, the margin 
of its cave-dwelling, so long as it was small, could not be exactly 
on a level with the margin of the contiguous polyp- cups. But 
when the crab has reached its full length, about seven milli- 
metres, the polyps outgrow its funnel-shaped dwelling, and 
would no doubt soon wholly overgrow it, if it were not that 
they find a certain resistance in the current set up by the crab 
for breathing and in the movements of the ci*eature ; and this 
resistance is sufficient to compel the growth of the coral in a 
particular and determined direction. The two powers in 
opposition thus reach an equilibrium, and it is their reciprocal 
action which gives the funnel its charactenstic form. 

Here too, as in the former instance, the individual polyps 
plainly show the effects of the current. While in general the 
cups are. perj)endicular to the surface of the coral, in most of 
those which grow within the funnel this is not the case ; they 
have an oblique direction upwards, and are most oblique wheie 
the strength of the current is greatest, i.e. at the narrow 
bottom part of the funnel. 

We see thus, in these two examples, that the same force — 
namely, the respiratory current caused by a crab — affects the in- 
dividual polyps in the same way, forcing them to grow obliquely ; 
but at the same time it also produces very different effects, 
resulting from the different law of growth of the two forms 
of coral-stock. Thus galls ai-e produced only on branched 
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species; on the more massive ones, either funnel-shaped or 
cylindrical pits are formed. In the course of my travels I have 
made numerous other observations as to the similar effects of 
currents on individual coral animals and on whole blocks of coial. 
It will suffice here to select two particularly instructive cases. 

One of these bears upon the growth of certain massive 
species of coral, among which we may especially consider the 
species of Forites, so common in reefs, and a few of the 
Astrceidce, The smallest, and so the youngest, colonies had, as 
a rule, a regular convex surface ; but only, of course, when they 
were healthy and not eaten away by other animals or by 
plants. In them the polyps situated at the summit were as 
well developed as those at the margin of the mass, and tbey 
were never left dry even by the lowest ebb-tide. Larger blocks 
of the same species, which seemed to be more often exposed to 
the effects of the air, were flat ; the polyps at the summit looked 
feeble, and many of them were dead ; indeed, small stones and 
sand were often lying on the centre of the surface. In still 
larger masses, of which the upper surface was commonly laid 
bare by even ordinary ebb-tides, nearly all the polyps at the top 
were dead, and often entirely covered with sand, NuUipora, and 
other Algae. The summit of the largest stocks, finally, was 
concave, with a raised J)order, from a few lines to an inch 
higher than the central portion. These old stocks exhibited 
some important peculiarities. It is well known that even in 
corals of a massive and solid type there are often slight furrows 
between the separate cups, and in many stocks of Porites of 
moderate size these are enlarged to trenches of various breadth. 
In the largest, again, they have become naiTOw but often very 
deep channels which traverse the concave surface and even the 
raised margin in various directions. 

"We can, as it seems to me, without any forcing, avail our- 
selves of the conditions here descril»ed to construct a theory of 
the process of growth of a knoll of Porites. So long as 
the young colonies are completely under water even at the 
lowest tides, the separate polyps grow out in every direction, 
giving the coral an equal convex surface ; a section through 
it gives an outline like that shown in the subjoined wood- 
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cut (see fig. 69, a). If the growth were to continue equal on 
all parts of the surface, the polyps at the summit would reach 
the normal low-water mark sooner than those at the sides ; 
thus, too, they would be the first exposed to the action of the 





Fig. 69.— Diagram of the growth of the colonies of Pontes, a, first stage, in which the 
sammic of the coral touches the surface of the sea ; 6, the second, in wliich it grows 
only in circumference ; c, the third, during which the surface, intact at 6, has 
died away and been hollowed out. 

air and rain at low ebbs, and so die the sooner. The polyps 
at the sides continue to grow, tending not merely to raise the 
mass of the coral, but also to extend it horizontally ; and thus 
the upper and rapidly dying surface spreads laterally so much 
that sand, stones, plants, and various forms of animal life find 
room upon it. At first this level remains at very much the 
height to which such a block may normally grow (b) ; but when 
it has reached a considerable size —from 6 to 8 feet in diameter or 
even more — the centre plateau is large enough to afford room for 
the collection of a considerable body of water, with sand, plants, 
and animals. In consequence of this the upper surface must 
perish, and then is easily hollowed out by the waves washing 
over it (c). If moreover, in the rainy season, any considerable 
amount of water falls into this basin at low tides — and that this 
is possible cannot be disputed — the fresh water collected in it 
will soon overflow the margin for lack of room. Now the whole 
coral is very porous, and is always traversed already, as we 
have seen, by more or less deep furrows. The water natu- 
rally seeks these ready-formed channels and widens them, 
working through the margin in favourable spots where the 
formation is softest, and thus slowly but surely eating channels 
through the raised ring round the coral-block. In the cut a 
diagram of these processes of growth is given. 

11 
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Any other explanation appears to me impossible. We 
might be tempted to account for the elevation of the marginal 
ring above the central plateau by assuming that it had grown 
more rapidly than the centre ; but if this were the true explana- 
tion the wall would be visible even in knolls of moderate size, 
and this is never the case. Or it might perhaps be said that it is 
well known that all corals grow most vigorously at the margin 
of the block, and that the concavity of the upper surface may 
be easily explained by assuming a subsidence; but the fii^t 
statement would be simply untrue, and the second perfectly 
absui-d, for at any rate it is impossible to see why such a 
subsidence should have taken place in the case of the largest 
masses and not in the medium-sized or small ones. In point of 
fact, I see no other explanation which agrees so perfectly with 
the observed facts as that which I have given. 

As the last point under this head, we must now consider the 
way in which the whole reef is affected where it is acted on by 
cunents of different force and flowing in varying directions. 
I will illustrate this by a highly significant instance which I 
myself carefully observed. 

To the south-west of Mindanao, and exactly opposite the 
famous old Spanish colony of Zamboanga, is the little island of 
Basilan. I visited it in 1859, when by far the larger part of it 
was still occupied by hostile Mohammedans; the Spaniards were 
restricted to a village at the northern end of the island, which 
lay opposite to the still smaller island called Malaunavi, 
sepai-ated from Basilan by a narrow channel. This little strait, 
which, though very narrow, is of some length, runs from north- 
east to south-west ; to the east it opens with a wide mouth 
into the straits of Zamboanga, while to the west it is baiTcd by 
a very small island lying between the two others. To this form 
of the channel and to the particular divergence of the main 
cuiTent in the straits between Basilan and Zamboanga we 
must ascribe the fact that the current between these islands 
flows always in one direction, and never changes with the turn 
of the tides ; at least this was the case during the two months 
I spent there, and it is so throughout the year according to the 
information given me by Don Claudio Montero,. the chief of the 
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Commission of Hydrography at that time. The effect of the 
ebb and flow of the tide is only visible in the increased or 
diminished force of the current flowing through the channel. 
Now I willingly admit that possibly a return flow of the 
current may sometimes take place ; but this certainly is not of 
frequent occun-ence, and there can be no doubt that a strong 
stream passes through the channel for long periods in the same 
direction. And it is this fact which, above all others, enables us 
to understand the peculiar structure of the reefs which fringe the 
islands, and consequently the channel, on both sides. Reefs 
proper, with a raised margin, do not exist here ; the water in 
the channel is always still, and, as even the waves raised by 
storms on the main do not affect it, it offers to such small craft 
as can navigate it a secure shelter in spite of its small extent. 
But the current is often very strong, running sometimes at from 
4 to 5 or even 6 knots an hour. 

Both banks of the channel are formed of coral, those of the 
shore of Malaunavi on the north side being the most developed ; 
they consist of the usual reef-forming species, Astrcea, Forites, 
MadreporeSy &c. Now these, like all the species that form large 
blocks, have a tendency to extend in all directions ; but here 
they are interfei-ed with by the strong current impinging on 
them at an angle, and flowing, as has been said, during the 
greater part of the year in the same direction. If it were weaker 
than the growing power of the coral, its resistance would be 
easily overcome ; but it is, on the contrary, strong enough to 
force it to grow perfectly perpendicularly. Thus the reef on 
the Malaunavi side is not more than a few paces wide, with an 
abrupt perpendicular fall, though the depth is cei*tainly incon- 
siderable. 

The reef which ftinges the little island lying in the western 
outlet of the channel is quite different in its structure. The 
same species are present as in the channel, but they here grow 
quite differently in different spots. Where the current is met 
by the island, of course it parts ; thus, at the eastern end of the 
island, which is that turned inwards towards the channel, a 
tidangular space is found, where the water is full of feeble 
currents flowing in various directions. Both branches cf the 



228 THE INFLUENCE OF INANIMATE SUBBOTJNDINGS. 

divided current first strike the island further in, and still at an 
angle. In this comparatively calm triangle of water, the 
Madrepores, Astrsea, Porites, and other corals do not grow 
vertically upwards, but on the contrary in all directions, and 
usually in isolated blocks; and though the branched species 
generally grow more in height than the more massive forms, 
even in them it is impossible to overlook a tendency to increase 
as much in breadth as in height. Hence, on the eastern point 
of the island there is no perpendicular termination to the reef; 
it sinks quite gradually to the bottom of the channel. But where 
the two currents produced by the division of the main stieam 
impinge upon the island, we at once find the perpendicular 
cliffs again, and the upper surface of the reef is as narrow as in 
the channel on the shore of Malaunavi. At the opposite end 
of the island — the western end, that is to say — there is a second 
calm triangle formed by the meeting of the two streams, and 
there the reef again assumes the structure which has Ijeen 
minutely described in speaking of the eastern end. Every- 
where in the Philippines, and likewise in the Pelew Islands 
in the Pacific, I have observed the same phenomena ; wher- 
ever there was an eddy or a calm spot formed between the 
current and an island, the corals grew in irregular masses, and, 
more or lees, in all directions ; and wherever the stream ran 
parallel with the shore there was an abrupt and perpendicular 
fall of the reef. 

It is not difficult to find an explanation of these phenomena. 
It is the same as was given above in the case of individual 
coral knolls ; where the sea impinges on coral reefs, with feeble, 
irregular, and variable currents, flowing in various directions, 
the reefs, like separate blocks, will be enabled to extend in 
every direction, since they will not in the course of their growth 
have to overcome a constant resistance in one direction. But 
wherever strong and unopposed currents flow constantly in the 
same direction parallel to the coast, impinging on the reef, the 
corals forming it must be forced, individually and collectively, 
to grow perpendicularly — assuming, of course, that their power 
of growth is insufficient to overcome the resistance of the stream. 
Between the perpendicular growth thus induced and the perfectly 
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horizontal mode of growth not checked in any way, we find 
every grade of transition. The precipitous fall is more or less 
oblique as the stream impinging on the reef is more or less 
strong.*®^ 

It is my conviction, derived from my own long-continued 
study of coral reefs, that the connection here indicated between 
the strength and direction of the stream on the one hand and the 
vigour of growth in the corals and in the reefs they form on the 
other, is one of the principal causes that have given the reefs 
their frequently very remarkable forms. This view is in (irect 
contradiction to Darwin's theory, which now finds universal 
acceptance, as to the formation of coral reefs. The reception 
which that has met with, as well as the high respect and vene- 
ration which I am most ready to pay to every opinion uttered 
by Darwin, compels me to devote the ensuing chapter to a de- 
tailed description of the reefs of the Pelew Islands in the Pacific, 
which during ten months I thoroughly investigated. Every 
variety of reef occurs there within a limited space, and a 
close study of their structure will show that Darwin's theory 
is not sufficient to explain them all, but, on the contrary, that 
in every instance hitherto investigated, whether on a large or 
small scale, the same effects on their growth, as produced by 
strong and constant currents, may be detected. 
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CHAPTER YIIT. 

THE INFLUENCE OF WATER IN MOTION — (continued). 

27ie Formation of the Coral Beefs of the Pelew or Palaos 

Islands in the Facijic Ocean, 

It is always an unsatisfactory task, and often an unpleasant 
one, to feel forced to contravene a view which is universally 
accepted as a true one, and which is supposed to be evidently 
sufficient to explain all the observed phenomena as completely 
as is on the whole possible. Nevertheless I cannot here escape 
this necessity ; for it is precisely because I delight to pay to 
such men as Darwin and Dana the high respect that is due to 
them, that I find it impossible to be silent on those points 
where I dissent from their views. The constantly repeated state- 
ment that Darwin's theory of coral reefs amply suffices to ex- 
plain to geologists the oiigin of fossil reefs would, it is true, 
scarcely provoke me to a discussion ; but I feel that I owe it to 
Darwin himself, here to state once more the views I hold, 
founded as they are on a long series of observations. For it 
seems to me that in the second edition of his universally known 
work on coral reefs * he has fallen into eiTor as to some obser- 
vations of mine, inasmuch as he has attributed to me some 
opinions which at that time certainly I had only very lately 
held. But it is also due to myself that I should give a more 
detailed account of them in this place, because Dana, in the 
second edition of his book on corals which has lately appeared, 
has not even alluded to my views and observations, although 

♦ On the Stri^cture and Distribution of Cm'al Reefs. Smith, Elder, 
&Co. 
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Darwin himself recognises the force of my objections ; though 
he certainly attempts to set them aside by means of an assump- 
tion of which the fallacy is amply proved by the very obser- 
vations I have published. 

The latest labours of the American naturalist prove that 
his views with regard to the origin of reefs differ very consider- 
ably from Darwin's, and in a very essential point. Darwin, as 
is well known, assumes that wherever fringing reefs occur, a 
period of elevation or of repose now prevails, while atolls and 
barrier-reefs can be formed only in regions of recent subsidence. 
As an essential argument for the correctness of this view he 
adduces the fact, prominently brought out in a map of his con- 
structing, that active volcanoes occur only in those regions 
which, from the structure of their reefs, must also be regions of 
elevation, 

Dana agrees with Darwin in so far that he also assumes 
that atolls or barrier-reefs can only be formed in regions of sub- 
sidence; but fringing reefe, according to him, indicate not merely 
no upheaval in recent times, but, on the contrary, a more con- 
siderable subsidence than is pointed to by other reef formations. 
For instance, he says expressly : * I still hold that, while barrier- 
reefs are proofs of subsidenca, small or fringing reefs are in 
themselves no certain evidence of a stationary level, and are 
often evidence of subsidence, even a greater subsidence than is 
implied by barrier reefs. I have already stated that one cause 
limiting the distribution of reefs is bold shores ; a wall of rock 
of even a hundred and fifty feet producing a complete exclu- 
sion. . . . Such bold shores are evidence of subsidence ; and 
as only very small reefs, if any, could find footing about such a 
shore, the narrow reef would be another consequence of the 
subsidence, and no evidence of a stationary condition.' * 

Now, although Darwin admits that, under certain circum- 
stances, narrow {i.e. fringing) reefs might be formed on such 
steep and precipitous shores, he adheres to his former opinion 
that this does not occur, as a rule, and that, in most cases, reefs 
of this class prove upheaval in the most recent periods, or even 

♦ Am. Journ. Sci. Ser. Ill, vol. viii. p. 316. 
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a process of elevation still going on. He does so, indeed, with 
the full understanding that his theories would be undermine^ 
if he were to accept Dana's views ; for it is clear that no theory 
of upheaval or subsidence, strictly speaking, could then come 
under discussion. According to Dana's views we may assume 
that, in regions of general subsidence, local upheavals may 
occur ; and, vice versd, that local subsidence may occur in regions 
of general upheaval. From this, however, it follows that the 
structure of the reef itself can give no certain evidence what- 
ever, as the basis of an assertion that this or that region is at 
a given moment undergoing ui:)heaval or subsidence. Thus 
to settle this question we must avail ourselves of other argu- 
ments than those used by Darwin to establish his theory ; 
Dana in fact seeks for such, and his investigations led him to 
the conclusion that the whole of the Pacific Ocean is a region of 
subsidence, while Darwin recognises in it certain distinct 
regions of subsidence and othei*s of upheaval. Dana further 
assumes that the "West Indian Ocean is at present sinking, 
while Darwin, on the contrary, r^ards it as rising, since the 
reefs occurring in it belong almost exclusively to the group 
which, according to his theory, ought to prove a condition of 
upheaval. 

Now it might perhaps be objected that, with regard to the 
formation of atolls and baiTier-reefs, both writers perfectly 
agree, and that the possibility granted by Darwin of the occur- 
rence of fringing reefs on steep and subsiding coasts certainly 
affords no argument against the view that atolls and barrier- 
reefs can under any circumstances be formed only during subsi- 
dence. This must of course be admitted ; but I must never- 
theless maintain my opinion that Dana's and Darwin's theories 
do contradict each other, and that if, as Dana says, all kinds of 
reefs may originate during subsidence, the structure of the reef 
itself is of no importance in investigating the question as to 
whether in any given spot subsidence or upheaval is taking 
place or has taken place. 

Hence it seems to me allowable to ignore Dana's views 
when the matter in point— as in this place — is to establish in 
what way the form of the reef has been determined or altered 
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by the combined action of internal and external causes. For 
those forces on which Dana relies for his argument in no way 
depend on the particular nature of the corals or of the reefs 
formed by them. Hence we have to deal exclusively with the 
original unaltered view of Darwin. 

There are two modes which may be adopted in contravening 
or criticising a genei-ally accepted theory. In the first place, 
its general fundamental basis may be attacked, or, in the 
second, its value or worthlessness may be tested in a special in- 
stance. I shall here adopt this latter method, and am prompted 
to do so by several reasons. First of all, in this way only is it 
possible to set in the clearest light the intimate connection 
between the main subject of this section and the form assumed 
by reefs, that is to say the direct influence of a constant current 
on the growth of the reef. But I do so in the second place, in 
oixier to oppose the idea that in this particular instance it is 
difficult or even imiK)ssible to test and criticise a general theory 
by individual examples. Darwin himself, it is true, says that 
it would be exceptionally difficult to draw any conclusion as to 
any particular small gi*oup of islands or separate atoll or 
barrier- reef, even when the depth of the sea outside the reef, 
and the angle at which the enclosed land slopes, are well 
known. But ought this difficulty — more imaginary than real — 
to withhold us from making the attempt 1 I think not. It is 
usually assimied, and with justice, that the theory which must 
always lie at the bottom of an hypothesis appears to be soundest 
when it can be successfully applied in explaining particular 
cases of difficulty. But this is granting, on the other hand, that 
we do not simply set aside such difficulties as facts or observa- 
tion seem to oppose to the theory, because it has already been 
proved by cumulative evidence. On the contrary, we should 
rather require that each new difficulty that arises, if only be- 
cause it is a difficulty, should be applied to test it. The fol- 
lowing attempt to refer the reefs of the Pelew Islands in the 
Pacific — which I myself have thoroughly studied — to their origi- 
nating causes will plainly show that certain facts, easily ex- 
plicable according to my theories, present insurmountable diffi- 
culties to Darwin's hypothesis. 
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I. The general form and structure of the Palaos Islands 
and Reefs. — The Palaos Islands — the Pelew Islands of English 
maps — form a small chain lying almost exactly NNE. and 
SSW., and of which the greatest length, from the northern- 
most island, Kriangle,* to the southernmost, Ngaur (or Aiigaur), 
is about 80 geographical miles. The nearest islands are 
Sonsorol, about 120 miles to the south-west, and Yap, belong- 
ing to the West Caroline Isles, at a distance of fully 150 miles to 
the north-east. 

The structure of these islands is very peculiar. The most 
northerly group is formed of five small, low islets lying on 
the eastern side of a true atoll ; the largest of them, Kriangle 
proper, has given its name to the whole little cluster. At about 
forty miles to the north-west is the bank or reef of Aruangle, 
which is uninhabited, but which, from the description of the 
natives of Kriangle, seems to be a true atolL Due south of 
Kriangle is the bank of Kossol, which is open to the south west, 
and may be desciibed as a horse-shoe atoll. From this begins an 
extensive bariier-reef which encloses the largest island of the 
group. Babel thuap. Its northern end is very narrow, in many 
places scarcely haT a mile wide; then it suddenly widens, 
so that the island towards the middle is about ten miles f or 
rather more across ; its length is about twenty-five miles. 
The southern portion of the group is composed of innumerable 
islets, the greater paii; of them being included in the same reef 
that hems in Babel thuap ; but this, as it runs south, altera more 
and more in its structure. The most southerly island, Pelelew, 
marks the end of the reef, though further south still is the island of 
Ngaur — the Angaur of the maps — which is divided from the 
othera by a very deep channel, and is now surrounded by no 
reef at all. It is high land, and the surf beats directly on the 
foot of its raised coral cliffs, which have ceased to grow and 
which are as white as chalk. A glance at the subjoined map 
suffices to show that from north to south there is a gradual 

Written as Kiangle or Kyangle on many maps, 
f Geographical miles, 60 to a degree. 
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passage from atolls to barrier-reefs, and then to true fringing 
reefs, till, at the southernmost end of the group, all reefs have 
disappeared. 

The fact that all the varieties of reef are met with in combina- 
tion in a district which, in accordance with Darwin's theory, 
we were accustomed to regard as a district of subsidence, and 
in which, consequently, only atolls and barrier-reefs ought to 
occur, is frankly admitted, in the second edition of Darwin's 
'well-known work, to be a very grave difficulty. We might 
evade this difficulty, as Darwin does — that is, by assuming 
that even islands which are in process of subsidence, and which 
therefore ought properly to be enclosed in true barrier-reefs, 
might sometimes form true fringing reefs, particularly if the fall 
of the coast were so steep that even during a period of slow sub- 
sidence the reef remained close to the shore, and thus preserved 
the form of a fringing reef. This assumption, however, stands 
in sharp contradiction to the facts long since observed and 
announced by myself, and into which I must presently go some- 
. what more closely. We may also endeavour to overcome this 
difficulty in another way — for instance, by supposing that within 
the Pelew Group itself there exists an axis of motion independent 
of the general change of level of the bottom of the Pacific Ocean. 
This point might be sought perhaps somewhat to the north of 
Pelelew, or in that island itself, to the north of which the 
whole group would be constantly sinking more and more 
lapidly, while to the south it was rising in proportion. This 
would, in fact, apparently account for the circumstance that 
Angaur has hardly any reefs, that Pelelew exhibits fringing 
reefs, and plainly though feebly developed barrier-reefs. It 
would also explain why the reefs to the north of this fulcinim 
become deeper and deeper in the deep sea, till at last, at the 
extreme north, only atolls occur, or re^s of the atoll character. 
Now I purposely avoid laying any stress on the fact that 
such an assumption is in the highest degree improbable, as 
that there should be such a fulcrum or point of rest localised in 
so small and isolated a district as these islands constitute in 
the Pacific Ocean, with upheaval proceeding to the south of it, 
and subsidence to the north. But, oven granting this as pos< 
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sible, I believe I have discovered so many proofs of its inac- 
curacy, notwithstanding its theoretical possibility, in the struc- 
tural conditions which I have observed in those reefs, that the 
task of disproving it will not be a hard one. In order to do 
this thoroughly, it will be necessary to investigate the structure 
of the islands and of the reefs enclosing them. 

II. The atoll of Kriangle. — This is a true atoll of almost 
oval form, with its lagoon wholly enclosed by the outer reef 
and the islands upon it ; there is no channel leading into it 
from the sea. In order to get into it, the reef must be crossed 
at high water at the deepest spot, which is to the south ; but 
even then this lowest spot is so high that it requires some skill 
to cross it without accident. The lagoon is from three to four 
fathoms deep, in some places quite five. The bottom, which 
is perfectly visible through the transparent water, is covered 
with sand, and on its level surface lie scattered blocks of coral 
a few feet high ; here and there plants are growing on them. 

The four islands, only one of which is permanently in- 
habited, lie on the east side and the south-east end ; the most 
northerly, which, however, does not mark the northernmost 
point of the gix)up, is alone called Kriangle; the others, count- 
ing from north to south, are called Nariungas, Nasingis, and 
Korack ; they are all low, composed of sand, fragments of 
corals, and large masses of a peculiar stone which consists 
almost exclusively of the innumerable shells of a recent 
Foraminifer, the well-known Tinoporu^ baculatus. This crea- 
ture is now living in extraordinary quantities on the exterior of 
the reef, and in smaller numbers within the lagoon. The islands 
are quite flat ; the difference in level in their inner and outer 
edges is not more than a foot or two at most. The rocks of 
Tinoporus, on the inner side of the islands, lie so high that it is 
only at high tide that the water touches their base, and they 
slope slightly inwards towards the lagoon. 

The reef which encloses all the islands on the east is but nar- 
row ; the outer circumference, as indicated by the breakers at low 
water, is at most at five or six hundred feet from the shore. It 
is here quite dead, and exhibits very striking details of structure. 
It consists of large, almost horizontal banks, covci^d in spots 
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with fragments of shells and corals ; these strata are intersected 
by others lying at from 1 to 1'5 foot lower, which are quite 
free from detritus, and are formed of blocks of coral so perfectly 
baked together that in many places they appear to form a 
homogeneous and compact coralline limestone. Such strata of 
metamorphosed coralline limestone also occur, but much more 
rarely, on the summits or inner sides of the islands further to 
the south. The greater part of this eastern reef is covered by 
the sea only at high tide ; then its surface lies at from 1 to 2 
feet below water. Above this the raised margin of the islands 
stands up from 5 to 6 feet. Its outer slope is steep, and the 
summit is crowned by blocks of coral of no conspicuous size, 
which have evidently been earned up during violent storms. 
The eastern slope of the reef to the sea is not stee^i, as can 
be seen by the colour of the water ; in the south-west monsoons 
good anchorage is found here at some distance from the reef. 

The reef to the west is devoid of islands, and its structure 
differs essentially from that of the eastern reef. While this is 
laid quite dry at every ebb tide , the former cannot be crossed 
dry-foot excepting at spring-tide ebbs. It follows from this 
that the western reef must lie from 4 to 5 feet lower than the 
eastern one ; for in so small an island, bathed all round by the 
same ocean, it is impossible to suppose that this difference can 
be caused solely by the water being dammed up on the 
eastern side. 

This western reef rises with a not very steep slope from 
the lagoon; it is moderately broad, almost level, and at 
first only covered by coralline sand very equally distributed ; 
towards the north and south points of the atoll it rises 
more than on the west. Nearer to the outer margin of the 
reef occur living but isolated blocks of coral, at first in 
small masses and few in number, but the further we go west- 
ward the larger and more frequent they become, till at length 
all sand has disappeared and the blocks of coral are no longer 
isolated, but a solid, connected mass. Here we rarely meet 
with dead blocks among the living coiul. Of course the coral 
grows most vigorously outside the external reef. The slope of 
this western reef, unlike the eastern one, is very abrupt ; at a 
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distance of from 200 to 300 feet from the cuter edge, the colour 
of the water is as dark as in the channel of Kossol, which is 
from 50 to 60 fathoms deep. But the most striking peculiarity 
of the western reef is the accumulation of immense blocks of 
coral on the south-western point (see Map II.). These are, with- 
out exception, dead, and their summits are never covered even 
at the highest tides, unless perhaps during storms. The largest 
of these blocks lie on the south-west point, where they not un- 
frequently measure ten feet or more in diameter ; towards the 
north and east they gradually grow smaller and less numerous, 
and disappear altogether amid the sand and living coral before 
the first is 'and is reached on the eastern side ; on the western 
side, going northwards, they extend about halfway. The 
subjoined map makes this sufficiently clear. 

The position of these blocks, and their height above the 
highest water line, it seems to me can only be r^arded as 
proof of a recent upheaval. It is true indeed, with regard to 
similarly situated blocks on other reefs, that they have always 
been said to have been piled up by violent storms ; but even 
Wilkes remarked, as it appears to me with perfect truth, that 
such enormous stones as are sometimes found on the margin of 
the outer reefs could not possibly be tossed up so high by 
waves. For the argument so often used, that in violent tem- 
pests even large ships have been carried over the edge of a reef, 
proves nothing ; since a ship will always float if it has enough 
water under its keel, while a stone always sinks. The blow 
of a wave may certainly be strong enough to roll such a block 
a few paces forward on the reef; but even if the force were 
sufficient to rend blocks of ten feet or more in diameter from the 
living reef, it certainly would be incapable of raising them over 
the edge of the reef. In the case now in point the position of 
the blocks is still more adverse to such an assumption ; for on 
Kriaugle they do not lie where the most violent attack of the 
waves takes place during a storm, but precisely in those spots 
most sheltered from it. By far the greater number of storms 
in these islands come from the east ; and even though, during 
the short period of the western monsoon, storms may sometimes 
sweep up from the west, it is not clear why in this case such 
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blocks should not have been flung up along the whole extent 
of tho western reef. They do, in fact, lie in a spot which may 
undoubtedly be regarded as the least exposed of the whole 
reef. 

The argument here put forward, and which seems to prove a 
recent upheaval, can be supplemented by others from which it 
derives weight. The little island of Nariungas, before spoken 
of, includes a small lagoon quite divided from the larger one 
(see Map II.) ; its mean depth is from 2 to 6 feet, and it is not en- 
closed by trees on its eastern side, though in every other direc- 
tion it is hidden by shrubs. This lagoon formerly communicated 
directly with the sea by a narrow canal which cut through the 
eastern reef in a perfectly straight line. The natives of 
Kriangle told me that this channel had been cut by the crew 
of a Spanish vessel, and a few of the oldest remembered having 
seen the ship there. The accuracy of this story was confirmed 
to me by Captain Woodin, of the *Lady Leigh,' who had called 
there thirty years ago, and within from five to ten years after 
that Spanish ship, which had been desjjatched with others from 
Manila to these islands for the regular trade in trepang. The 
channel cut through the reef, and of which the banks are still 
distinctly recognisable, was too wide for an ordinary boat-canal, 
and it is probable that it served to admit the ship itself into 
the small lagoon of Nariungas. The ships which at that time 
traded with the islands were quite small — schooners of from 50 
to 100 tons at most— and such a canal must have been quite 
large enough for them. But, in its present condition, the reef 
is raised far too much above ordinary flood-tide to allow of our 
supposing that the depth of the channel is the same at present as 
it was then ; it must, on the contrary, have been very much 
deeper if the canal was to be of any practical use. Even now 
it would be. quite superfluous to cut such a channel for boats, 
since it could be available for them only at the highest tides, 
when the passage across the reef itself is practicable. The 
present high position of the canal can thus be accounted for 
only by supposing that ifc has been raised together with the reef, 
and there is further evidence for this in the fact that the lagoon 
is now much too shallow to admit a schooner ; and, above aU, 



242 THE INFLUENCE OF INANIMATE SUBROUNDINOS. 

the canal as it now exists oonld never have served for it to pass, 
as in the deepest spots the bottom is only a few feet below high- 
water mark. Thus everything points to a very recent upheaval, 
which however Ciin certainly not have been merely local, but 
must have acted on the whole group of islets which are now 
known under the name of the largest, Kriangle. 

This may be admitted without giving up the opinion that 
the whole atoll was formed during subsidence ; for in order to 
maintain this view it is merely necessary to assume that the 
elevation thus proved only bsgan at a very recent period, per- 
haps at the very time when the SpanLsh ship cut the channel 
in the eastern reef. In opposition to this only one obj ction 
can be raised, but it is one of considerable importance. The 
gre.it difference above pointed out between the external slope 
of the eastern and western reefs can hardly be reconciled with 
the hypothesis of an equable subsidence throughout the atoll ; 
for, if such had occurred, the slope would be equally steep on 
both sides. In point of fact it is steep only on the west, and 
on the east very gentle, although this is the windward side. 
This difficulty, again, might be removed by an arbitrary as- 
sumption that the eastern side of the atoll might have re- 
mained stationary while only the western side was sinking. 
This hypothesis also would be easy to upset ; but I will post- 
pone the discussion of it to a more favourable opportunity. 

III. The bank of Kossol. — ^The small reef known by this 
name lies to the south of Kriangle ; its shape is a well-defined 
horseshoe ; the channel that divides them is, according to the 
maps, from 50 to 60 fathoms deep, and, so far as I have been 
able to detect, entirely fi*ee from corals. The channel between 
Kossol and the noi-them point of the large island of Babel- 
thuap is, on the contrary, very shallow, at least in comparison 
with the southern one ; on the maps, it is true, a considerable 
depth is marked, but I must positively contradict the accuracy 
of these indications ; the water in it is everywhere of a pale blue 
colour, while in the channel between Kossol and Kriangle it is 
quite dark, almost blue-black. And while in this channel coral- 
blocks are nowhere to be found standing up from the bottom, 
thev occur in considerable numbers in the channel south of 
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Kcxisol, rising to within from two to five or six fathoms below 
the surface of the wate?. 

The bank itself is open to the south and south-west, but 
entirely closed everywhere else. Its outer margin is highest on 
the east side; on the west there are enormous blocks* of coral- 
line limestone exactly resembling those that He on the south- 
west side of Kriangle. At low ebbs the reef is laid quite dry, 
but its western portion is conspicuously lower than the western 
reef of Kriangle, since, while I was able to cross the foimer at 
^ve in the afternoon, I had to wait till eight o'clock, even at 
the lowest portion of the Kriangle reef, before I could get 
across. The general outline of the reef is oval ; it encloses a 
lagooD, very differently formed from that of Kriangle ; for it is 
almost entirely filled with masses of living corals which vary 
remarkably in size and form. Towards the south the lagoon 
gradually deepens, and the blocks of coral increase in size and in 
number. Towards the other sides the isolated blocks within 
the lagoon grow together more and more, till at last they form 
a mass ; at the same time, they are so much raised that they 
help to form, on the reef itself, a spot which is laid dry at every 
ebb-tide. This inner surface of the reef is not level and sandy, 
as in Kriangle, but quite rough with knolls of living and dead 
coral, cut through on all sides by small channels radiating from 
the centre. We followed up one of these channels, but it only 
led as far as the outer border of the reef, and we had to wait 
there a tolerably long time before the tide rose enough to allow 
us to cross. The outer slope to the west was very abrupt ; at a 
distance of from 150 to 200 feet the water was almost black, 
and much darker than in the channel between Kossol and 
Babelthuap. The eastern declivity, on the other hand, was far 
less steep, as is the case in Kriangle ; for the water at some 
distance from the reef was still quite light blue, and the corals 
living at the bottom were clearly distinguishable here and there. 

Thus, as will have been seen, the structure of the reef of 
Kossol, and that of the reef of Kriangle, are equally adverse to 
the theory of their origin by subsidence. With regard to this, 
one point above all must be brought forward. The reefs are 
beyond doubt connected, as is proved by the soundings between 
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Kriangle and Kossol. IN'ow, if the two channels had been 
formed by subsidence, as is required by Darwin's theory, it 
would be quite incomprehensible why, in the channel south of 
Kossol only, corals should have grown in blocks of various 
sizes, from the bottom nearly up to the surface, whUe in the 
northern channel they are totally absent. For though reef 
corals certainly do not seem usually to build up from a depth 
of sixty fathoms, since, on the hypothesis of subsidence, the 
southern channel must at some time have been high and dry, 
even the bottom of the north channel must have lain high 
enough to allow of the establishment of reef-corals. But then 
it is not clear why they should not have continued to grow up 
to the present time, and hence, on the theory of subsidence, we 
might expect to find exactly the opposite of what in fact has 
happened. But all these difficulties vanish as soon as we sup- 
pose that both these channels, and of course the reef also, have 
been formed during a period of upheaval. In that case the 
Kriangle channel, which was originally the deeper, would not 
yet be raised high enough to allow of the establishment on any 
large scale of reef corals, while the bottom of the channel be- 
tween Kossol and Babelthuap much sooner attained the re- 
quisite level ; and it is in accordance with this idea that we 
find in this channel numerous blocks of various sizes. To this 
point I must return in a later section. 

IV. The northern reef of Babelthaap. — This is a true 
barrier-reef running round the island of Babelthuap, which 
rises to a tolerably conspicuous height, and is almost entirely 
composed of quite recent eruptive rock. The northern portion 
of the island is extremely narrow, and beyond the northern 
point lie three or four islets in the channel wiihrn the reef. 
According to the maps hitherto published this would be in- 
con*ect ; even in the latest by Friedrichsen, founded on data 
supplied by a naturalist named Kubary, its breadth at the line 
passing through Aibukit (see Map I.) is made at least three 
times as gi*eat as in mine, constructed on triangular measure- 
ments. I found that at this point the width from reef to reef — 
from east to west — was at most 5 to 6 geographical miles, while 
Friedrichsen gives it as about 20. The island enclosed by the 
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reef is naturally much narrower; starting from Roll, it takes 
at most twenty minutes to go across the ridge of the island to 
the east coast. The narrowest part is a little farther to the 
south; according to my measurements the island here is at 
most 3,700 feet * wide. In this place, too, Friedrichsen gives the 
island a breadth of some miles. Close below Aibukit to the 
south, the island suddenly widens, without, however, anywhere 
reaching the considerable width of fouiteen to fifteen miles at- 
tributed to it by Fredrichsen ; I am convinced that even at the 
widest part it is at most from seven to eight miles across. 

The reef which runs round the whole of the narrow island 
exhibits the following remarkable peculiarities of structure. 
At the northern point and on the west it is at a considerable 
distance from the land ; at the latitude of my house (7° 38' N.) 
it was from four to five miles from a small hill on which I had 
set up my theodolite. Between the inner reefs lying close to 
the shore and the exterior reef is a channel of from five to six 
thousand feet in average width, and from thirty to forty-five 
fathoms deep. This communicates with the ocean by three 
channels, which certainly do not lie opposite to large rivers 
or even brooks. The one marked on Friedrichsen's map as 
* Kavasak passage * is very narrow, and certainly not navigable 
for ships. The second, called by Friedrichsen * Woodin's 
passage,' is placed by him much too far south ; its position is 
more accurately given on the accompanying map. I passed 
through this canal with Captain Woodin himself in the *Lady 
Leigh ' in 1861. The third channel is the widest; it is almost 
due west from the highest point of Babslthuap, which is de- 
signated in Friedrichsen's map as *Royoss Aremolongui.' The 
inner lagoon channel runs almost parallel to the coast ; it is not 
very wide, and the depth varies between thirty and forty-five 
fathoms, and into it debouch, almost all at a right angle, a 
number of channels which intei*sect the surface of the shore reef 
in all directions; one of the last led us as much as 1,200 paces 
inland at high water, and we there anchored close to the per- 
pendicular bank of living coral which formed the shore of the 
canal. 

♦ German feet, about 3,810 English feet. 
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Here, to the west and north, the reef, so far as it belongs 
to the island of Babelthuap, may be regarded as a quite 
characteristically formed barrier reef. According to the pre- 
vailing theory — which, however, I am contending against as 
to its general validity — we ought to infer that a subsidence has 
lately taken place in this island, since it is in this way only 
that a barrier reef, as it is said, can originate. I of course 
cannot admit this proposition as correct, since I dispute the 
whole argument on which it is founded. But, quite irrespec- 
tive of this, the eastern reef at the northern end of Babelthuap 
displays certain peculiarities of structure which directly contra- 
dict the theory of subsidence. 

For instance, while the western reef stands off from the 
shore, so that a true channel is formed, navigable for sea-going 
vessels, this is by no means the case on the north-eastern side 
of the island.* By means of the theodolite, I accurately mea- 
sured its exact width almost exactly opposite to the village of 
Aibukit; here the outer reef was distant not more than 1,200 
feet in a north-westerly dii-ection— at right angles, that is, to the 
shore. So far as I could see with the telescope of my instru- 
ment, both to north and south, the distance between the shore 
and reef, as calculated from triangulation, was nowhere much 
more, and it is not till about the parallel of Athemal that 
it seems to become greater on the eastern coast, according 
to Friedrichsen*8 map. But as the distances and heights of 
hills are, on the whole, very incorrectly given by Friedrichsen, T 
see no urgent reason for giving unconditional credence to his 
map in this particular ; however, be that as it may, it is cer- 
tain, by my own measurements, that in the northern part of 
the island the outer reef is not more than from four to five hun- 
dred paces from the shore. Between them, moreover, there is 
no reef-channel. The outer reef is no doubt a little raised 
above the general level of the reef, but not enough to form a 
channel which ships can navigate ; at high tide it is possible to 
cross it in boats, and in many places it might then be desig- 
nated as a boat channel. But at low ebbs it is easy to see that 
no such channel, properly speaking, exists; in many places it 
would be possible to cross the whole reef on foot^ almost dry- 
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shod. The surface is, however, traversed by numei'ous chaDnela 
running in all directions, without any arrangement, and fre- 
quently ending in a deep hole. Nor ai*e there here, as on the 
western side, true passages ; for though the outer reef is cut 
through in a few places, these channels nowhere lead to a 
navigable deep water canal. Hence the natives, when going 
out to sea, never follow these rifts in the reef, but steer across 
in a straight line for the outer edge of the reef, where they 
seek a spot low enough to allow them at high tide to float 
across the raised wall of the reef by skilfully availing them- 
selves of the high surf dashing over it. 

The structure of the reef, as we see, is here essentially dis- 
similar to what we ought to expect on the hypothesis of subsi. 
dence. However, this deviation from the normal conditions 
may be explained in the way actually attempted by Darwin — 
by the assumption that on the more precipitous east coast the 
reef necessarily comes nearer to the shore, and that consequently 
so deep a channel would not be formed as has been the case on 
the western side. A very successful passage across the eastern 
reef out into the open sea, however, provides me with an argu- 
ment against this hypothesis, of which I have already made 
use in a former small communication on this subject, which has, 
however, remained unnoticed by both Darwin and Dana. It was 
on the occasion of my passage to Kiiangle. After crossing the reef 
early in the day, at about nine in the morning, I occupied 
myself for several hours till the afternoon on the outer edge 
of the eastern reef, being favoured by most beautiful weather. 
My investigations yielded a result which at that time I thought 
very unsatisfactory ; I saw plainly that the reef certainly does 
not fall abruptly into the sea, as it ought according to theory, 
but that its slope, on the contrary, is quite gi*adual. I could 
push some thousand paces straight away from the reef seawards 
without losing sight of the bottom ; the separate blocks of coral 
lying there were plainly distinguishable in their various forms. 
The sea was almost still, but in a great ocean it is never free 
from that slow swaying motion known as a 'swell.' This 
exhibited perfectly the phenomena observable on all shelving 
coasts ; i.e, the upward wave rises more and more strongly as 
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it neains the land, but very equably and Hardly perceptibly to 
the eye, till it breaks at last on the wall of the outer reef with 
a roar ; but as this wall does not rise abruptly from the deep 
purple sea, as on the western reef, a phenomenon here becomes 
visible which may frequently be observed on sloping coasts ; a 
second Ime of breakers succeeds the outer lino, nearer in, and 
often even a third. This phenomenon is very familiar to the 
natives; to escape the danger of their boats filling at the 
second or third line of breakers, after crossing the first row of 
breakers, they shove the boat with long poles as quickly as 
they can over the outer level of the reef, so as to pass as rapidly 
as possible the two dangerous lines of surf lying beyond. On 
the western reef, on the other hand, there is never more than 
a single broad belt of breakers. 

These facts alone suflSce to prove that the outward slope of 
the eastern reef is quite gradual. I investigated the matter 
very carefully, and with the express view of forming my own 
judgment on the assei-tion I had so often read that, on the 
weather side of a reef, the fall was always very abrupt. But 
my own investigations were certainly not favourable to this 
statement ; on the contrary I saw, as I have said, that even at 
some thousand paces from the shore the species of corals were 
still easily distinguishable, and at a distance even of from two to 
thi*ee sea-miles from the outer reef the water was still much 
lighter in colour than in the channel between Kriangle and 
Kossol, where, according to the soundings of navigators, 
it is about sixty fathoms deep. This exactly agrees with those 
observations as to Kossol and Kriangle which I mentioned 
before, without, however, adding much to thoir significance. 
But I may now assert with the utmost decisiveness that every- 
where in the northern pai*t of this group of islands the eastern 
slope outside the barrier reef is particularly gentle, while that on 
the west is so precipitous that, at a few hundred paces outside 
the leef, the bottom is quite invisible. 

The facts here adduced are wholly irreconcilable with 
Darwin's theory of subsidence. Before entering on that ques- 
tion more in detail it will be well to make an equally exact survey 
of the reefs lying to the south. 
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Y. The soutliern reef of tlie Felew Islands. — The most 
southerly point of Babelthuap is connected with a peifectly 
irregular system of islands of various sizes, and of the most dis- 
similar form and structure, which are separated by channels, 
some very narrow and others of considerable width. They are 
most numerous close to the main island, and more and more 
scattered as we proceed farther to the south. Quite to the south 
the single island of Pelelew is enclosed by the lower end of the 
great barrier-reef. The character of this reef, which surrounds 
the elevated islands, alters conspicuously as we pass from north 
to south, but this change is not gradual. As far as the latitude 
of Coroere (Corror on Friedrichsen's and some English maps), the 
channels between the outer reef and the islands become on the 
whole somewhat shallower, but the difference is not great ; nay, 
in many spots, as, for instance, in the eastern passage into the 
harbour of Coroere, they attain at least as great a depth (accord- 
ing to Friedrichsen, whose map may in this matter be relied 
upon) as in the western channel at the latitude of Aibukit, and 
in this median region of the islands the reef, both in the east 
and west, lies at a considerable distance from the land it en- 
closes. 

Farther to the south, however, the condition of things alters 
considerably. From about the latitude of Urudzapel (Urucktapel 
of some maps) the two sides of the reef mpidly close in towards 
the islands, till Pelelew exhibits a banier- reef with a shallow 
boat channel on the north-west side only, while the south and 
the whole east side are surrounded by a true fringing reef close 
to the shore. 

Even the barrit-r-reef to the noi-th-west of Pelelew is scarcely 
to be called a barrier-reef; its outer edge is at about 600 
paces from the shore ; the surface of the reef, like that of the 
eastern reef of Babelthuap, is only navigable by boats, and 
at high water ; a true channel is wholly wanting, and the reef is 
merely intersected by a great number of smaller canals of various 
widths and depths, as is the case on the eastern reef of the 
northern island. Finally, its outer margin is not much 
raised. However, this portion of the reef of Pelelew may cer- 
tainly be designated as a barrier-reef, though with a certain 
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straining of the tenn ; but thei-e can be no doubt whatever that 
to the southwards it very gi*adually passes into a fringing reef 
as characteristic as any to be found in the Philippine Archi- 
pelago ; and those islands, according to Darwin, may with the 
greatest ceiiainty be classed among those which, being sur- 
rounded by fringing reefs, ought to indicate a region of recent 
ui)heaval. 

The space included within this southern reef exhibits a 
few siguilicant pecnliiirities. No true deep channels occur 
here, and where they do occur, about the border region near 
Coroere, they soon disappear as we proceed southwards. The 
western and eastern reef, enclosing the numerous small 
islands, suri*ounds, on the contrary, an almost horizontal level 
which from west to east may be at least ten nautical miles 
across ; and, extending from the southernmost point of Pelelew 
ahnost to Coroere, it is about twenty-two miles long. This enor- 
mous and, as has been said, almost flat surface is traversed in 
eveiy direction by numerous channels intersecting it at right 
angles. The average depth of this pool itself may be a few 
fathoms, but on its northern side it suddenly falls to the depth 
of the channels there, namely, from fifteen to twenty fathoms. 
On the east side the reef becomes at last so decidedly a fring- 
ing reef that natives are always forced to gain the open sea 
if they wish to visit the villages lying on the east coast. 
Towards the north again, in the vicinity of Malacca (see Map), 
this fringing reef becomes a barrier reef. Finally, it must 
be observed that here, to the south, the eastern and western 
reefs show the same differences as I have already described 
minutely in speaking of Kriangle ; those to the west generally 
seem to lie deeper than those on the eastern side, and they are 
strewn with numerous large blocks of dead coral, which are only 
very seldom covered by water at the highest flood tides ; those 
on the eastern side lie, on the whole, at a higher level, are formed 
almost entii-ely of dead com], and large blocks of dead coral are 
never found on their exterior edjfre. 

VI. The prolongation of the Felews to the north and 
south. — It cann^, I think, be disputed that the reefs and islands I 
have been describing belong to each other ; but it is very pro- 
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bable that the submarine mountain ridge on which the Pelews 
stand extends much farther to the north and south. The island 
of Ngaur (Angaur of Friedrichsen's and other maps) lies 
almost exactly south of Pelelew, and is divided from it by a 
very deep channel about five miles wide. Still farther south- 
west of Ngaur a small shoal is marked on the same map, which 
is certainly formed of corals, and which has not more than ten 
fathoms of water over it. Unfortunately I was not able to 
visit the island of Ngaur myself ; the natives of Pelelew, among 
whom I lived for nearly three months, persistently refused to 
take me there, because, as they declared, it was possible to land 
at one point only, and even there it was always very dangerous. 
They asserted that the reef everywhere clung to the shore, so that 
it was impossible to land excepting in a quite calm sea. I had 
already formed an idea that true reefs did not occur on the 
coast of Ngaur when I had passed between that island and 
Pelelew on the way hither, and this conjecture was confirmed by 
the statements of Herr Kubary, who, more fortunate than T, 
was able to visit Ngaur, and by his account (communicated to 
the Journal of the Godefiroy Museum) this island is in fact 
devoid of a reef. 

The submarine ridge on which, to the north of Babel- 
thuap, Kossol and Kriangle stand, is indicated in older maps 
as reaching much further to the north. On this there is 
a series of soundings extending five nautical miles to the west 
and north of Kossol, and within these limits, indicated by 
a dotted line, there is, according to Friedrichsen, a small 
shoal only shown by the words 'heavy breakeis' {atarke 
Brandung), Thus there is here a reef of about the same 
height as that of Kossol, but quite divided from it by a 
channel five miles wide. Directly north-west of Kriangle there 
lies the well-known reef of A mangle, at a distance of twelve 
miles, yet within the line of breakers marked on the maps. 
Aruangle seems to be a true atoll j it is always said to be one, 
and, as I believe, correctly. At any rate the description given 
me by the natives of the island, which was formerly inhabited, 
entii*ely agreed with this hypothesis. An attempt I made to 
induce the people of Kriangle to visit Aruangle failed entirely, 
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and my escort from Aibutit was too unfamiliar with the route, 
which is said to be not without danger, for me to undertake it 
without any other guide. 

I believe that we may unhesitatingly include these last- 
mentioned reefs and islands with the Pelew group proper, as 
belonging to the same system of elevations rising from the 
bottom of the ocean — a system extending about eighty-five 
miles from north to south, and measuring ten to fifteen miles at 
its greatest width. I intentionally say a system of elevations, for 
it seems to me quite impossible to suppose that this group of 
islands and reefs can have been formed by a subsidence, as 
Darwin's theory requires us to assume. To make this quite 
clear, we will endeavour to account by the theory of subsidence 
for the observed phenomena that I have described. 

VII. The theory of subsidence as a means of explaining 
the orig^ of the Pelew Islands. — If we suppose that the sub- 
sidence has been equal everywhere throughout the group, as 
must be allowed according to Darwin, it is, in the first place, 
difficult to see why in the north only isolated atolls, in the 
middle barrier-reefs, and in the south only fringing reefs, have 
been formed ; and why, farther south still at Ngaur, all reef 
structure should have almost ceased. According to the pre- 
dominant views it is allowable to regard the depth of the reef 
channel of Aibukit as a standard of measurement for the sub- 
sidence that has taken place. This would thus amount at a 
maximum to about fifty fathoms. Now if we imagine the 
islands in the north to have been raised to a height exactly 
corresponding to the actual amount of the assumed subsidence, 
the bottom of the channel between Babel thuap and Kossol, as 
well as that between thi3 atoll and Kriangle, must have been 
in the highest degree favourable to the establishment of a growth 
of corals. But this has not been the case ; on the contrary, 
the channel to the north of Kossol is entirely free from them, 
and that to the south more or less so. If the form of the reef 
were indeed due to subsidence only, the present fifty-fathom 
line of soundings must coincide with the outline, at any rate 
of the main features of the reef now existing ; the facts of the 
case are precisely the contrary. Hence we must in the first 



ACTION OF CURRENTS ON THE SHORE. 253 

place conclude that subsidence alone has not here sufficed to 
produce the forms of the northern reef of this archipelago ; 
since, for instance, it must have caused the isolated blocks of 
coral in the southern channel of Kossol to form high reefs, just 
as much and in the same way as has happened in Kriangle or 
on Kossol itself. 

Thus we are obliged, under all the circumstances, to assume 
the co-operation of some other force besides subsidence when en- 
deavouring to explain the peculiar formation of the northern 
reef, but still, without wholly excluding the effects of subsidence. 
That force, as I believe, can only be sought in the action of the 
constant currents of the sea ; for no other influence which might 
check the growth of coral — such as sand, ooze in the water, 
strong streams of fresh water, &c. — can be adduced in explanation 
of the conditions and behaviour of this reef, nor have they ever 
come into play in these spots. But the currents which during 
rising tides here run strongly to the east, and at ebbing tides to 
the west, might very well have acted on the original furrows 
between Kriangle, Kossol, and Babel thuap, so as to widen 
them to channels as these first sank below the surface of the sea, 
and so have opened the way to the influx of the tidal currents. 
Thus, combined with the currents , subsidence might have pro- 
duced the form exhibited by the northern reef. However, it 
has always seemed to me to be a very weak point in the 
theory of subsidence, that it is evidently insufficient to explain 
some particular cases, and I'equires to be supplemented by some 
auxiliary force standing in no direct causal connection with the 
theory itself; and I am convinced that many similar instances 
will be found as investigators begin to take the trouble to study 
separate reefs more exactly than has hitherto been done. 

A second difficulty occurs as follows. I have already stated 
that the triangle lying between Pelelew, Urudzapel, and the 
Urulong Channel, constituting nearly a fifth of the super- 
ficies of the whole group, is almost level, and lies, in section, at 
from two to four fathoms under water at high tide. This level 
bottom consists of solid limestone which, rising gradually, con- 
stitutes the numerous islands, composed of the same stone, 
which are scattered about the surface. It is cut through by 
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numbers of narrow canak with perpendicular sides, usuall^r 
from two to three fathoms deep or even more, and evidently 
cut into the stone by the action of curi'ents ; they grow deeper 
and broader to the east and north-east, and there ultimately fall 
into a wide basin, extending as far as the south point of Babel- 
thuap, and between fifteen and twenty-five fathoms deep. The 
rise of this limestone bottom is just as gradual towards the 
outer reef — ^where it appears as its internal declivity — as its 
slope where it forms the rocky islands ; still it nowhere consti- 
tutes any portion of the present living reef. These conditions 
are very difficult to explain by the hypothesis of recent sub- 
sidence. If such a process had in fact and exclusively efiected 
the submergence of the limestone plateau, this must have ac- 
quired its peculiar structure before this recent subsidence was 
initiated, which is in itself highly improbable. The whole 
plateau, on the contrary, with its channels, produces the im- 
pression that it has been recently formed during a period of 
rest or of slow elevation. But the limestone plateau affords 
even better arguments against the assumption that subsidence 
was going on during the formation of these reefs. Wherever 
the limestone islands of the southern region are exposed to the 
denuding action of the rising tides, a wall like a hollow cornice 
rises abruptly from the base of the island which slopes up 
gradually from the submarine level, and its summit, which 
often overhangs to a dangerous extent, has a growth of shrubs 
or trees. This hollowed-out base, which would show a highly 
conca.ve section, is from six to ten feet high; at the highest 
flood-tides the water rushes into it with gi-eat force, and its 
face exhibits many smaller holes and fissures, often eaten into the 
solid rock for some feet. In many spots the overhanging sum- 
mit threatens to fall, and that such catastrophes are cei-tainly 
not rare, may be seen by the piled-up fragments which in many 
places lie half in the water at the foot of the islands This 
seems to me to prove convincingly that a subsidence has not 
taken place, for it is not clear how, during subsidence, such a 
form of the internal limestone plateau and its transition into 
the islands rising from it could have originated. 

It might, however, be conceded that the phenomena here 
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described make the theory of a recent subsidence untenable as 
regards the southern portion of the group, without our being 
obliged to deny the possibility of such action for the whole 
group. If, for instance, it is assumed that the subsidence has 
not taken place equally, but that by a sort of tilt the northern 
portion has subsided most, the middle but very little, and the 
south not at all, all the observed phenomena might be accounted 
for, or at least apparently explained. Nay, more, the pre- 
sence of true fringing reefs to the extreme south of Pelelew, and 
the total absence of all visible reefs round Ngaur, would, from the 
point of view of. the Darwinian theory, indicate a past process of 
elevation of the region south of the axis, if it were assumed that 
this point of equilibrium and perfect rest had been somewhere 
near the northern point of Pelelew. 

Now T shall lay no great stress on the internal improba- 
bility of the hypothesis that such an unequal movement should 
actually have occurred in so small an area, which, besides, rises 
from the depths of the ocean perfectly isolated from other 
groups of islands. Indeed, the difficulties here raised would by 
no means be removed in this way; they would rather be 
essentially enhanced, from the fact that south of Ngaur a 
submarine reef is found very near to that island, and its 
being divided from it can be explained only by supposing that 
some other forces have been at work besides subsidence only. 
Thus even if it were admitted, in spite of the facts which are 
directly opposed to it, that the impossibility of such a subsidence 
is not conclusively proved by them, wo should still be com- 
pelled to acknowledge that the influence of the constant ciu*- 
rents must be, in all cases, an essential factor in the history of 
the origin and formation of these islands. For, to insist once 
more very positively on this point, during subsidence the coast- 
line of the sinking island would necessarily be preserved, as 
Darwin even will admit ; but this, as is proved by my data, has 
not been the case, and hence the subsidence theory, by itself, 
ceases to be applicable. This, naturally, narrows its whole 
general value; for if it is impossible in a special case like the 
present to explain the circumstances by the only force which 
that theory admits to be efficient and determining, and if, in- 
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stead of it, we are compelled to have recourse to various other 
forces to aid us to a solution, the problem of showing that a 
subsidence must nevertheless have taken place belongs more 
than ever to the prevailing theory. But in the case here under 
discussion such an attempt is met by an insuperable difficulty ; 
this was briefly alluded to above, and must now be discussed 
somewhat more fully .^ 

The submarine mountain district which serves as the foun- 
dation of the whole group is extremely narrow ; at the widest 
part the western reef is at most from twelve to fifteen miles 
from the eastern one. Nevertheless, these reefs are extraor- 
dinarily dissimilar in structure ; even in the small and indepen- 
dent atoll of Kriang^e this diffei*ence is conspicuous. The 
eastern reef is everywhere much nearer to the shore than the 
western. A navigable channel between it and the included 
islands occurs only at about the middle of Babelthuap, whei'e 
Altngot Passage (see Map I.) has been formed, according to 
Friedrichsen's map, by an outer reef lying in front of the 
island reef proper. The eastern reef, so far as I have seen it, 
nowhere exhibits a line of dead coral-blocks above the highest 
tide mark. And yet this is the weather side, on which only, it 
is said, such blocks ever occur. The western reef, on the con- 
trary, is invariably characterised by them. Moreover, while 
the western cliff is throughout a true barrier reef, almost down 
to the southern point of Pelelew, the eastern reef can hardly be 
regarded as a barrier reef even at the north of Babelthuap ; and 
southwards for about the lower third of the group, it assumes 
the character of a true fringing reef. 

This diffei-ence, and the incontrovertible fact that fringing 
reefs predominate on the eastern coast, cannot by any means 
be reconciled with Darwin's theory unless we suppose, as 
Darwin has done and as Dana evidently fain would do, that 
such a i*eef formation might take place even during subsidence. 
But^ according to Darwin's own admission, this involves the 
assumption that the seaward declivity of the outer reef is ex- 
tremely steep. This hypothetical steepness, however, occurs in 
the Pelew Islands only on the west side, while, in absolute con- 
tradiction, the eastern declivity is remarkably gradual. From 
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the tops of trees in Kriangle I could clearly discern that there, 
too, the light hue of the water to the eastward denoted a 
shelving shoro, while on the west the deep blue sea comes 
close up to the outer edge of the reef. Anchorage can be found 
outside the reef on the eastern coast, but not on the west, and 
the same is true of Kossol and the northern portion of Babel- 
thuap. We couM venture on the west side close up to the 
reef in our schooner ; in cruising we were not forced to tack 
till within a few hundred paces of the shore. This would 
be quite impossible on the eastern side, where for the whole 
distance from Roll to Kossol I could still clearly see the corals 
at from one to two geographical miles from the shore. Again, 
it is now very difficult to enter the harbour of Coroere, formerly 
a very good one, on account of the numerous} shoals and the 
shelving upwards of the sea bottom, and this I was assured of 
by Captain Woodin at a time when I still believed implicitly in 
the absolute correctness of the subsidence theory. Finally, on the 
western side of Pelelew, where the reef is not a perfectly 
characterised barrier- reef, the * Lady Leigh * approached within ' 
a hundred paces of the re^f, while on the east coast a wide- 
belt of light blue water extends far out to sea. 

Here we find a state of things precisely the reverse of what 
Darwin in the second edition of his book has adduced as an 
argument against my views. Where, according to him, there 
should be an extremely abrupt declivity, it is not to be found, 
and where it does in fact occur, as on the west coast, no fringing 
reef is formed. 

A glance at an ideal but correct section of the Pelews in 
various spots will here throw light on what I have advanced, 
and at the same time conclusively show that in this particular 
instance the principles of the subsidence theory do not suffice to 
explain the peculiar formation of the reefs. And even if, like 
Darwin and Dana, we set aside this difficulty, so many, as 
we have seen, still remain that their theory must call in 
the aid of other forces— namely, currents — to enable us to 
understand the structure and origin of these reefs. Hence, in- 
evitably, the question arises whether perhaps the auxiliary cause, 
which is indispensable to the subsidence theory, may not have 
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been the only efficient cause ; and, moreover, the further enquiry 
whether this auxiliary cause, in combination with a slow up- 
heaval, might not have been perfectly competent to give rise to 
every form of reef, simultaneously and side by side on the same 
area. Many celestial phenomena can be explained, and long 
were explained, by assuming that the sun moved round the 
earth ; the consideration that it was insufficient to explain other 
facts allowed us to perceive its complete absurdity. But it is 
not always the case that one explanation perfectly excludes the 
other. We know that in most plants chlorophyll is formed only 
under the influence of light ; an exception is found in many 
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Coniferse, in which the same leaf-green is elaborated even in the 
dark. Hence we must conclude that other causes besides those 
that acton broad-leaved plants are capable of producing the same 
results. We know, generally, that nature has in many cases 
made use of different means to produce results which to our 
eyes seem identical. Thus, to return to the matter in hand, 
we still have to investigate the question whether the same 
results might not have been produced by the auxiliary cause, 
assuming an upheaval, as by the hypothetical subsidence ; since. 
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even under the assumption of the subsidence, they still could 
find only a forced explanation by the help of some other agency. 

To guide us in this enquiry, it will be well to collect and 
collate the facts which may directly prove a recent upheaval 
in the Pelew Archipelago. 

Evidences of recent upheaval in the Pelew Islands. — I 
have already pointed out that the huge blocks of coral lying on 
the outer margin of the western reef, in my opinion, can only be 
regarded as evidence of a recent upheaval. Since, however, this 
may be disputed on familiar, though not i>erhaps very strong, 
grounds, I will not attribute to it any great importance. 

The following stronger grounds, on the other hand, can 
hardly be doubted. Most of the islands are high ; to the south 
they rise to 200 or even 300 feet (at most), while on Babel- 
thuap there are hills said to be 2,000 feet high. Their structure 
sufficiently proves that they owe their origin to a volcanic 
upheaval in quite recent times. 

Between the islands of the north and south a marked con- 
trast is visible ; while the former are almost exclusively volcanic, 
by far the greater number of the latter are formed of upheaved 
and partly metamorphic coralline limestone. This contrast is 
so sharply defined that even the natives have distinctive names 
to express the difference ; the islands formed of coralline lime- 
stone they call * Kokeal,' the volcanic islands * Eoyoss.' 

A recent work by Dr. Wiechmann treats of the geological 
structure of the northern islands. This geologist ^^^ has come to 
the conclusion, which is confirmed by Herr Giimbel (uispector 
of mines), who examined my collection of minerals, that the 
eruptive rock is augitic Andesite. Wiechmann also came to 
the conclusion — without having been to the islands, and simply 
from studying the minerals collected there by Dr. Kubary — that 
the eruption must have been submarine — a view I had long 
since taken, from a study of the islands themselves. He also 
approximately determined the period of the eruption ; he is of 
opinion that the upheaval must have taken place during the 
latest peiiod of the tertiary epoch. A remarkable feature, not 
mentioned by Wiechmann, is the distribution of the various 
volcanic rocks in Babelthuap. The solid eruptive rock, Andesite, 
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according to my observations, occurs exclusively, or nearly so, 
on the east side of the island, while, on the west, the lower hills 
consist of red tufa and strata of rolled pebbles ; these are but 
rarely traversed by the Andesite core which forms isolated high 
hills. Thus, for instance, the summit of that known as * Royoss 
Armlimui ' (see Map. 1), which I did not ascend, from Kubary's 
information appears to consist of Andesite, and the black 
colour of the peak confirms this. These differences in the 
geology of the country are marked by a corresponding variety 
in the landscape. While on the western side the slope of the 
land is generally gentle, and small islets formed of tufa lie 
scattered oq the surface of the inner reef, the eastern side is 
everywhere much moi*e precipitous. There, where the black 
Andesite rock rises to any considerable height, we frequently 
find a quite perpendicular precipice. This is apt to hang over 
at the top, and its base, hollowed away by the surf, generally 
slopes to a continuous bottom of the same rock ; but we no- 
where meet with separate islets, such as are to be seen on the 
western side. There the strata of tufa are almost horizontal, 
with a slight dip to the west ; according to Friedrichsen's map 
these also occur in the island of Aruangle, since, from Kubary's 
account, the natives declare that it consists of * Royoss.' Cer- 
tainly the description I had of it in Kriangle does not agree 
with this. However, be this as it may, so much at least is cer- 
tain, that at a former period the tufa of the west extended 
much further than it now does, since a few disrupted islets of 
tufa lie on the surface of the inner reef at one or two nautical 
miles from the main island. 

At the southern end of Babelthuap the eruptive rocks are 
combined with the limestone rocks called * Kokeal.' Still there 
are but a few spots where they lie directly one on the other. 1 
myself, in fact, have never seen them in such juxtaposition; but 
Wiechmann states, on the strength of Kubary's observations, that 
solid limestone lies immediately upon the black Andesite at the 
south-east end of Babelthuap, a spot I have not visited. Simi- 
lar examples occur, according to this observer, on two small 
islands lying to the south of Coroere. But, irrespective of these 
localities, the islands composed of volcanic rock and of coralline 
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limestone mutually exclude each other. In the border region, 
about the middle of the group, they are mingled without order ; 
thus, for instance, the island of Coroere, consisting entirely of 
tufa, is close to the limestone islands which lie by the southern 
point of Babelthuap ; then again we find a limestone island, and 
then the wholly volcanic island of Malacca, and between these 
larger islands there are numerous smaller ones, some of coral- 
line limestone and some of tufa. 

Yet farther to the south the Andesite and volcanic tufa 
wholly disappear, and all the islands south of the latitude of 
Umlong (see Map I.) consist exclusively of upheaved coralline 
limestone, partly very highly metamorphosed. These are, with- 
out exception, true raised reefs, as is seen from their general 
form, the equal level of their summits, and the fossils found in 
their strata ; their structure and their connection with the still 
living reef prove, too, that they are of quite recent origin. It 
will be well worth the trouble to study the arguments for this 
last statement somewhat more closely. 

The height of the cliffs of the various * Kokeal ' islands 
differs gi»eatly ; the highest are from two hundred and fifty to three 
hundred feet above the sea, the lowest often scarcelv ten feet 
above the water. Even in the same island, as in Pelelew, this 
difference occurs. The western cliffs of this island rise to 
about 250 feet with a perfectly horizontal top ; the eastern cliffs 
at Ardelollec, on the contrary, are at most eighty feet above the 
sea ; their top, too, is almost horizontal. Quite at the south of 
the island, again, we find cliffs which stand barely five to ten 
feet above the sand thrown up by the waves. In general the 
northern islands of the Kokeal are the loftiest ; but even there 
they certainly never reach the height ascribed to them by 
Friedrichsen of from fifteen hundred to two thousand feet. 

The geognostic structure of the Kokeal islands is also very 
various. Sometimes the cliffs are composed of very dense 
limestone in which hardly a trace of fossils can be found, or in 
which the coralline structure has been preserved ; in the latter 
case the rock is sometimes hard, as if infiltrated by a dense 
almost crystalline limestone ; or it may be chalky, as white as 
snow, and easily friable. The cliffs of Ngaur and Pelelew, 
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for instance, consist of such a snow-white rock, and their 
gleaming perpendicular walls form a landmark from afar for 
the sailor. The masses of fossils found in them, both corals and 
shells, are for the most part merely impressions preserved in the 
limestone. This is difl&cult to detect at the first glance ; for the 
corals especially, or rather their impressions, lie so wonderfully 
closely that they seem to form a dense mass of compressed 
corals. 

The geographical distribution of these different kinds 
of coralline limestone also offers some striking peculiarities. 
All the Kokeal islands which I saw, and which lay in the 
vicinity of volcanic rocks — as, for instance, thoLe in the neigh- 
bourhood of Coroere — consist of dense limestone which is often 
semi-crystalhne ; when fossils occur, they are firmly imbedded in 
the rock and preserved uninjured. These islands also yield 
exclusively the large pebbles of arragonite which are used by the 
natives of the island of Yap lying a hundred miles to the 
northward — as a kind of money in great request. The more 
remote the islands are from the centre of volcanic action 
presiunably situated in the middle of Babelthuap, the less 
prevalent is the limestone, dense or crystalline, till in the 
south it finally quite disappears. 

The fossils contained in these rocks show, in conjunction 
with other peculiarities in the structure of the upheaved reefs, 
that these reefs belong to quite a recent peiiod, and that, in 
fact, we must regard them only as the beginning of the reefs 
now in course of construction in the neighbouring seas. On the 
island of Noerkessul, lying on the eastern reef of Pelelew, 
which is only about twenty to twenty-five feet high, I found 
with true Astrseidse, imbedded in the rock, a tooth of the 
Indian crocodile, which still is found there, though it is not 
frequent. On the little island of Calacoligoll, which is almost 
on the outer ridge of the western reef of Pelelew (that is to say 
not more than 120 feet from it), I found a large block, at least 
five feet in length, in which the imbedded corals stood upright, 
and among them wei*e shells of Pholas and numerous tubes of 
Vermetv^ gigas, which still lives and is very common in the 
sea dose by. The centre of Pelelew is from twenty to twenty- 
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6.ye feet above high- water mark ; the chalk-like cliffs rise from 
the sea • perpendicularly, or at any rate very steeply, and the 
inner base shows clear traces of the effects of surf at a former 
period. Here constantly are found heaps of tom-up rocks and 
fossils -J but those fossils which were found on the inner side 
of the cliffs were quite different from those of the outer side — 
numerous Fungiae, which are very near to living species, or 
may be identical, many Pecters, with enormous masses of two 
or three species of ^fycedium and Agaricia, belonging to the 
most delicate forms of the genera. These two corals form the 
greater part of the rock of which the cliffs consist. 

But besides these reasons, already indicated by Wiechmann, 
for assuming a recent upheaval, there are other factors which 
confirm this evidence. The eastern reef of Pelelew has all the 
character of a fringing reef j the outer edge, which is scarcely 
raised, and which in many places lies at most at 100 feet from 
the shore, gradually passes into a manifold series of raised cliffs. 
Those of the first series are mostly only six to ten feet 
above the strand, which slopes down to the reef; the base is 
much hollowed out by the waves, and passes without interrup- 
tion into the surface of the dead reef ; it also consists entirely 
of Astrsea and Maeandrina, partly metamorphosed. The surface 
of the dead reef next to the strand is almost horizontal, but it 
drops by little shelves hardly more than a foot high, till the 
lowest of the terraces thus formed is covered at high tide by 
from two to three feet of water ; then, gently shelving down, 
the dead portion of the reef merges in the living, of which, as I 
have said, the outer edge is but little raised. All these terraces 
are quite smooth, and without any trace of large coral blocks 
thrown up by the waves. From these indications we may safely 
infer that elevation has taken place within a very recent 
period ; for otherwise it is difficult to see how the still living 
reef could be a direct continuation of the liaised dead coral. 
Quite identical phenomena are displayed, as I have said, on the 
east side of Kriangle. 

The facts here adduced suffice, as it seems to me, to prove 
that, in the first -Qiace, a quite recent upheaval must have 
occurred ; and, secondly, that that period of upheaval must have 
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passed into the present condition of very slow elevation or 
absolute rest without any conspicuous break. 

Ail attempt to explain the structure of the reefs of the 

Pelew Islands. — I have said that the theory of subsidence is 
insufficient to explain the sections given on p. 258, since, according 
to that theory, on the steep west coast there ought to be a fringing 
reef, and on the shelving east coast a barrier reef. Exactly the 
contrary is the case. The occurrence of shallows without reefs 
close to atolls, as at Kossol, and of high reefless islands, as 
Ngaur, the high blocks on the west side and outer edge of 
all the western reefs, the extensive, almost horizontal, sub- 
marine level to the north of Pelelew, the uninterrupted connec- 
tion of the eastern reefs of Pelelew and Kiiangle with the 
dead raised coralline cliffs — all these facts are arguments, hardly 
to be refuted, against a recent subsidence. And if all of these 
should be explained away by arbitraiy assumptions of which 
the baselessness could only be proved by fresh investigations 
carried out on the spot, we still should be obliged to accept the 
degrading action of the movement of the sea, and, above all, 
that of constant currents, as causes co-operating with the 
supposed subsidence. I, of course, readily admit that these 
must have had their effect, but I positively dispute that the 
recognition of these effects proves the necessity of a subsi- 
dence. On the contrary, I believe that those apparently 
secondary causes would be far more likely to be effective during 
a period of elevation than when combined with subsidence, and 
that all the conditions I have described which argue against 
a subsidence under the other hypothesis may be perfectly ex- 
plained by easy and independent assumptions. This, in the first 
instance, applies of course only to the structure of the Pelew 
reef, and it must remain for further investigations to determine 
how far similar conditions may exist or not in other coral 
islands ; since the proof that here, in the Pelew Islands, subsi- 
dence cannot have been the special cause which has determined 
the form of the reefs is, self-evidently, no proof that in other 
groups subsidence may not have been combined with the 
upward growth of the reef in the form impressed on it by other 
causes. 
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III the seventh chapter we have already seen that not 
individual corals only but whole reefs are influenced in the most 
decided manner by two forces, i.e. the strength and the direc- 
tion of constant cunents impinging on them. Their favourable 
development depends, no doubt, on other things, as the warmth 
of the water, its chemical composition, the accidental mingling 
of species, &c. ; but all these influences, in my opinion, sink into 
the background in comparison with currents ; for though they 
may impede or even destroy the existence of the polyps, they 
never, so far as I can see, force them to develope in any par- 
ticular direction. Now this, as I have amply explained in 
Chapter VII., is in an eminent degree the effect of constant 
currents. Moreover in this investigation it is not our business 
to determine whether corals can thrive, or even grow at all, in 
this or that particular spot, but exclusively to decide whether 
the forms of particular reefs, under circumstances of unhindered 
growth, can be explained by known causes. 

We must remember that wherever constant and deep 
cun*ents impinge on a coast at an angle, the reef will inevi- 
tably grow upwards perpendicularly if the force of the current 
is sufficient ; and, on the other hand, that many species of coral 
have a tendency to grow equally in every dii-ection, as far as 
circumstances allow, so long as shallow currents flow horiion- 
tally over them. 

The high seas, the open ocean, exhibit both these modes of 
motion of water in the most conspicuous degree. Late researches 
have shown us that strong currents often flow at great depths ; 
these constant currents maintain the same direction the whole 
year through, though their force may vary ; even those arising 
from the ebb and flow of the tide vary in strength under the 
influence of the prevailing winds, but never, or rarely, in 
direction. Besides these currents flowing at gi'eat depths there 
are, in tlie second place, quite superficial ones, which are some- 
times variable, particularly if they are affected by the prevalent 
winds, or sometimes very constant, as in the case of the drift 
in great seas. 

The Pelew Islands lie, as is well known, within the region 
of the north equatorial current flowing from east to west in the 



266 THE INFLUENCE OF INANIMATE SUIIBOUNDINGS. 

Pacific Ocean. This current, in conjunction with those caused 
by the ebb and flow of the tide, impinges perpendicularly on the 
broad side of the group ; hence on their eastern side there is a 
triangle of comparatively still water, since the main current 
must part before the insuperable barrier ; and, within it, only 
the more superficial currents can produce any efiect. These, 
however, here in the Pelew Islands flow almost constantly from 
east to west ; on the eastern reef a long line of breakers is always 
visible even during the short period of the south-west monsoon, 
and even at the highest tides it is always dangerous to cross the 
reef here. On the western reef, on the contrary, at high tide 
and in a calm sea, the water over the exterior edge of the reef 
is so perfectly still that it may be paddled across in a boat with- 
out any danger. The currents which run past the islands to 
the north and south, or between the separate islands, whether 
as tidal cuirents or as part of the great north equatorial current, 
on the west side, turn at an angle to the north or south. In 
correspondence with these facts we see that in a rough sea a 
wave falling on the outer reef propagates itself in the direction 
indicated, while analogous waves on the east break simultane- 
ously on almost the whole length of the shore. In* connection 
with this, indeed, there is another fact which surprised me very 
much the first time I observed it. It is usually supposed that 
while the tide is rising, the water that flows in the lagoons or 
lagoon channels is thrown into them over the oiiter margin of 
the reef. This is certainly not the case in the Pelews ; almost 
all the water flows into the natural channels as readily as it 
flows out of them. This is proved by the fact that during the 
rising tide the current produced on the surface of the reef 
does not flow into the channel from the outer reef, as would be 
expected if that hypothesis were correct, but on the contrary 
from the channel towards the reef. During my first expedition 
on the western reef, my life was in some danger from this cir- 
cumstance, then unknown to me, for I had gone so far from the 
boat that I had great difiiculty in getting l»ack to it again. 

Let us now endeavour to explain the observations I have 
communicated on the assumption that both these classes of 
currents were active agents during a period of upheaval in 
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these islands. I hope thus to succeed in showing that in this 
particular instance every difficulty vanishes which can be raised 
by the hypothesis of subsidence. 

In Kriangle the boat-canal cut through the eastern reef, 
and the large coral blocks lying at the south-west point are 
easily explained by upheaval, as also the structure of the 
eastern reef. On the western side the current attacks the reef 
at an angle; hence it must grow upwards perpendicularly. 
Thus, by degrees, the corals elevated above the level of the 
living reef must die out ; they remain standing, however, and 
are slowly destroyed by wind and weather, the softer parts first 
and the harder portions later, and these naturally endure the 
longest where they are least and most rarely exposed to waves 
and storms. This in Kriangle is the case precisely in the 
spot where the highest blocks lie on the outer margin of the 
reef. On the eastern side, on the contrary, the ocean drift, 
combined with the constant current to the westward, falls 
perpendicularly upon the reef; the billows are still further 
increased on this side by the gentle slope of the sea-bottom, so 
that a strong, and above all an unremitting, wearing-down 
process is e5cercis3d on the reef. Here, on the weather side, it 
is said that the largest thrown-up blocks ought to be found ; 
but this is not the case, and it is easily explained. If we 
suppose that such blocks were actually thrown up for once, 
they must soon have been destroyed by the incessant action 
of the waves beating directly on the reef; and the same is the 
case naturally with all corals which have been lifted above the 
highest storm tides during a slow elevation of the outer margin 
of the reef. 

One objection only can be raised. The lagoon, that is to 
say, which is enclosed by the reefs, might with apparent justice 
be adduced as evidence against an upheaval. And this would 
in fact prove a great obstacle to my views if it were necessary 
to assume a very rapid elevation of the whole archipelago. But 
as the case is precisely the reverse we must assume a yery slow 
upheaval, and it is easy to offer an explanation of the origin 
of a lagoon, in spite of a slow rising of the bottom. Reflect for 
a moment on the instance, discussed in the previous chapter, of 
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an old colony of Porites. Its surface, in the first instance quite 
level, will be gradually hollowed out by various co-operating 
influences, and so at last a raised margin, only cut tli rough by a 
few channels, will surround a central hollow. A precisely 
similar result may be produced in a reef undergoing slow up- 
heaval. Suppose, for example, that Kriangle had a tolerably 
level surface, like the shallows to the south of Ngaur, or like 
Kossol, before it was raised to the average level of the sea : fi^m 
the first moment when it was exposed to aerial influences a 
process of destruction must have begun on the surface of the 
reef, perfectly analogous to that which takes effect on large 
isolated coral blocks. Animals and plants first establish them- 
selves on the surface of the reef, which is certainly highly 
favourable to them; they excavate and j^enetrate the solid 
limestone of the coral in every direction while the rain falling 
on the face of it kills the polyps themselves ; the rain and the 
sea-water flung over the margin of the reef must remain there 
if thev can find no outlet. In the first instance the water on the 
summit of such a lising reef may often remain standing, but 
channels must soon be worn through the constantly growing 
and rising margin, or submarine drainage may easily arise, since 
boring animals and plants are able gradually to destroy even 
the hardest limestone. That there are channels of this kind 
in Kriangle may be inferred from the fact that at low ebb- 
tides the water in the lagoon stands at no higher a level 
than it does outside the atoll ; but this could not occur if the 
water thrown over into the lagoon at high tide did not easily 
find an outlet through the reef itself, for surface channels, 
which might serve the same purpose, are wholly wanting. The 
exti*eme porousness of the soil of Kriangle below the sea-level is 
also proved by another fact. The inhabitants have sunk deep 
wells, and a very large tank, about ten feet deep, for bathing pur- 
poses ; the water in these is usually fresh, as they fill during 
the rainy season. But when, after persistent drought in the 
dry season, the level of the water sinks considerably in the 
basin, the bottom of it is frequently brackish, and that without 
storms having arisen to cause the sea-water outside to wash over 
the low island and into the tank or the wells. This shows that 
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sea- water can psrcolate through the walls of the atoll-reef into 
these reservoirs, and consequently proves that the soil must be 
pierced by larger or smaller channels. The raised limestone 
islands of Kokeal are similarly porous. One very small island 
close to Coroei-e has quite the structure of a true uplifted atoll. 
A high wall of metamorphic coralline limestone surrounds a 
deep lagoon on all sides, and no channel leads from this to the 
sea at the present day. There is a little ridge, which may for- 
merly have been a channel, to be crossed in order to reach the 
lagoon. Nevertheless the same fish are found in the lagoon as 
outside, the water is equally salt, and its level rises and sinks 
regulai-ly with the tidal flow and ebb. The following circum- 
stance is even more conclusive. On one of my excursions round 
Pelelew, before going into the harbour of Nasiass from the sea, I 
saw out at sea a wide current of yellowish water, almost fresh, 
flowing from the land; its edge was pretty sharply defined 
against the sea water. It was exactly low water. The natives 
informed me that this current was alwavs there, though some- 
what more feeble at high tide, and strongest during the rainy 
season. Now in the whole of Pelelew there is not one stream 
from which this current could proceed. All the surface water 
percolates at once through the excessively porous soil, and it is 
only during heavy storms of rain that drainage streams form 
in the gullies, and these totally disappear again in a few hours. 
This water then runs away through the soil down to a certain 
level. But, instead of reappearing at the same level on the sea- 
shore, its flow is submarine for a considerable distance from 
land — a proof that it must have found its way through very deep- 
lying channels. 

If we duly consider all these conditions, it becomes clear 
that there is no serious difliculty in the way of the hypothesis 
that the lagoon extant in Kriangle should have been the result 
of the action of currents on the porous soil during a period of 
slow upheaval. 

With regard to the reef of Babel thuap, there ai-o other objec- 
tions in the way of the subsidence theory; by far the most grave is 
the gradual seaward slope of the eastern outer reef. But this 
and all other difiiculties vanish with the supposition that the reefs 
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were formed during a period of elevation, if we duly realise in 
our mind the effects that must have ensued from the combined 
action of upheaval and of more or less constant currents on the 
form of the growing reef. To the eastward the impact of the 
current on the island is perpendicular to the face of the coast ; 
it therefore beats upon the slowly rising sea-bottom, and, being 
tolerably strong in itself, it prevents the perpendicular growth 
of the reef corals. The result is that the reef itself is driven 
very close to the coast. Moreover, between it and the foot of 
the land no deep channel can be formed by currents, for here 
the very hard blacky rock of the Andesite cliff prevents any such 
rapid grinding down as is easily effected in the coralline limestone. 
On the west coast it is otherwise. Here the currents rarely 
impinge directly on the face of the reef, but only at an angle. 
I have already shown that whei-ever strong currents sweep 
past a reef at an angle these are forced to grow perpendicularly or 
nearly perpendicularly upwards; this is eveiy where the case on 
the westera shore. The fact that the outer reef here is separated 
from the islands by a channel above forty fathoms deep and 
many miles wide, finds an easy and unforced explanation on the 
assumption of an upheaval. It is certain that the enclosed 
island of Babelthuap was formerly much broader than it now 
is, as is proved by the existence of the little island in front of 
Roll (see Map), which is now far from the land on the surface 
of the inner reef. Kpw, if we suppose — as we must even on the 
theory of a subsidence — that the island, which here consists 
almost entirely of tufas, originally extended nearly to the 
western outer reef, only narrow fringing reefs could have ori- 
ginally been formed on the western side ; but these must from 
the first have grown perpendicularly, because they were impinged 
on by tangential currents ; and since the tufa on this side could 
offer but a feeble resistance to the action of surface-water and 
rain, as well as of the surf beating on it, a small channel might 
soon be formed between the i*eef proper and the coast. This 
channel would presently gi*ow wider, in proportion as the enclosed 
island, consisting of soft stone, was gradually eaten away, and 
during slow upheaval it would continue to grow deeper, in pro- 
portion as the old porous portions of ^he reef and the rock in 
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which it was forming were more and more worn down by the 
combined action of boring animals and plants, and of the currents 
produced by the tides and by rain. Every stream has, as is well 
known, a natural tendency to deepen its bed ; thus, while the 
surface currents setting directly against the reef on the eastern 
side prevented a perpendicular growth of the reef, and the hard 
rock atthebaae of the coral rendered the formation of a channel 
between the reef and the land by denudation impossible, such 
a process could easily be effected on the western coast by the 
destruction of the enclosed island, and thus the reef, forced into 
perpendicular growth by the tangential current, was soon at 
some distance from the coast. 

In a similar way all the other structural features of the 
Pelew reefs can easily be explained by the hypothesis of a slow 
upheaval during their formation. It appears superfluous to 
discuss them here in detail, since it would involve the repetition 
of the same arguments as have been applied to explain the two 
princij»al points. The presence of deep channels in spots where 
an easily disintegrated tufa has served as the foundation for 
the coral built up on it, the broad and almost horizontal sub- 
marine plateau to the south of Coroere, with the narrow channels 
that intersect it, the large blocks of dead coral everywhere lying 
on the raised outer ridge of the western i*eef and their total 
absence on the eastern reefs, the gradual transition of the raised 
cliffs of Polelew into the still living portion of the reef, the 
drying up of the channel cut by man in the eastern reef of 
Kriangle, and the absence of a channel on tha eastern side of 
Babelthuap — these and many other facts are easily comprehen- 
sible if we suppose that the most important causes which deter- 
mine the form of the reefs and the growth of the corals are 
those that I have brought into prominence, and that they ai-e 
precisely such as would most easily prove effective during a 
period of slow upheaval. 

In conclusion there are still one or two objections that must 
be discussed, as they are certaiji to be brought forward against 
my view. First, there is the enormous thickneas attributed, 
according to Darwin*s theory, to the reef rising abruptly from 
the sea-bottom ; and secondly, the small depth in which only, as 
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it is said, reef-building corals can exist. Nay, it even may pos- 
sibly be said that my explanation as regards the Pelew reefs 
deserves no further attention, for the very reason that it ignores 
these fundamental facts, which lie at the root of the subsidence 
theory. I admit that I have, np to this moment, left them out 
of the question, but I have done so on purpose ; and I must 
expressly contend that neither of thes3 hypotheses deserves to 
be introduced into the discussion, fur neither of them has been 
established as a fact by investigation, but is merely inferred 
from ill-founded observations. 

With refei'ence to the first point — the great thickness of the 
reef — I must confess that the method of estimating it as set 
forth by Darwin and Dana does not appear to me in any way 
to establish the conclusions arrived at. Both calculate by the 
same method, but with very different results; they agree in 
estimating the thickness of the reef on the arbitrary hypothesis 
that the foundation on which the submarine base of the reef 
rests, must have the same inclination as is visible to observation in 
the islands enclosed by the reef. Dana indeed assumed a some- 
what less steep incline than Darwin ; but it is quite possible, if 
not probable, that even Dana allows a too great incline for the 
submarine fall of the coast ; for we know that even in regular 
cones the base usually exhibits a more gradual slope than the 
peak, and according to the subsidence theory it can only be the 
peaks of the mountains that rise above the surface of the sea ; 
hence the base, which is covered by the reef, must probably have 
a much less steep incline than can here come under our direct 
observation. Thus, under all circumstances, the calculated 
thickness of the reef remains hypothetical, since it is founded on 
an assumption which is unproved by observation. Hence, so 
long as it is not demonstrated by borings that the reef is in fact 
as thick at its outer edge sls has been estimated from the angle 
of inclination of the land surrounded by it, this estimated thick- 
ness cannot be regarded as an available argument for any further 
conclusions. 

If these assertions as to the depth of the reef wti^ actu- 
ally correct, it would inevitably follow — from the fact, which 
hardly admits of dispute, that the reef-forming species of coral 
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can Kve only in water of moderate depth, combined with the 
assumption that the whole vast thickness of the reef was formed 
by such shallow-water species — that such a reef could only have 
been formed during a period of subsidence. Of course I freely 
admit that the reef-building corals occur only down to a depth 
of twenty fathoms at most. It is consequently impossible that, 
during a period of upheaval, they should form a reef of more than 
120 feet in perpendicular thickness. But we now know 
that numerous animals live at much greater depths than had 
hitherto been supposed. The great * Challenger ' expedition and 
other similar voyages have furnished proof that a very rich and 
peculiar fauna is universally distributed throughout the ocean, 
and we know, moreover, from Carpenter's investigations in the 
Mediterranean, that merely local causes have there prevented 
the development of an equally rich fauna. We may therefore 
infer that the constructive activity of the greater number of 
marine animals might very well supply materials for the forma- 
tion of a solid submarine soil, even at much greater depths 
than those at which the true reef-forming coraLs are found. 
This probability is raised to certainty by the observations of 
American naturalists in the West Indian seas. Pourtal^s 
there discovered a plateau of solid rock many miles in ex- 
tent, lying at an average depth of 150 fathoms, and consisting 
of a compact conglomerate of fragments of shells and corals 
in a calcareous mud with transported rolled pebbles. This 
has been called the Pourtal^ Plateau, after its discoverer. 
If this plateau were to be slowly elevated, at a rate somewhat 
less rapid than that required for the deposition of the new layers 
of solid rock, by degrees a sufficiently solid base would be raised 
to the level requisite for the existence of reef-building corals, and 
these might begin their work on the foundation prepared for 
them by other animals. 

From all this I infer the process of reef-formation to be 
somewhat as follows. In the first instance, during the rais- 
ing of the sea-bottom, only the foundation for the coral building 
would be formed, and the inclination of the plateau thus formed 
would certainly be very inconsiderable. Here and there chan- 
nels would already be formed by the action of deep-sea currents. 

13 
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As inv i>1:ito:iu ro>c to the r^on of reef-building oarals, theee 
ch.-tiiTii'ls would citliei* become perpendicularly deeper or super- 
liii:illy widt^T, according to the force and direction of the 
currents acting upon them. Its tendency to grow upwards, 
(•oin1>iiu'd with the general upheaval, would bring the highest 
]) irt of the coral-stocks to the surface and so expose them to the 
inthiciuv of the tides as well as that of periodical or incidental 
rain tails. The pi*ocoss will now be repeated which I have 
already d(>scribed iis ascertained by observation on separate coral- 
blocks; it* channels have already been formed by submarine 
curronts in the reef which has come to the surface, these will 
lH'C'oni«> the most natuiul and convenient conduits for the water 
iliin<; lip on to the reef; the shallows lying between the outer leef 
and the land, though of small extent at first, will increase, in the 
iirst instance by the outward growth of the reef, and then, in a 
niucli greater degree, by the destruction of the enclosed land; 
jis, nt the same time, the amount of water thrown over on to 
this inner space must increase m proportion to the increased 
suriac^ the channels must, in spite of continued upheaval, eat 
away the rock to a greater depth, and more or less quickly 
according to the natui*e of the rock itself. 

Now, if we draw the obvious conclusions from the two an- 
t4i;^onistic views above mentioned, all the arguments derived from 
observation agidn range themselves on my side. If it were true 
that tlack reefs could be formed only during subsidence and ex- 
clusively by its action, we should be justified in expecting to find 
the same species of coral throughout the whole depth of the 
mass, and only the base, with a maximum thickness of about 
1 '10 ft\'t, could under the circumstances exhibit a certain variety 
in the materbils composing it. To my knowledge, however, no 
observations exist which afford grounds for this oonclusioD. 
Granting, on the contrary, that the reef was formed during 
a i)eriod of elevation, the inference naturally follows that 
the compasition of such a raised reef must be heterogeneous, 
since in the fii-st instance only deep-sea creatures can have 
established themselves on it; the reef-corals, properly so called, 
would in such a case form only a thin layer above the deep-sea 
corals. And this actually is the case, according to my personal 



HIXTUBE OF FORMS IN PEEP SEAS. 275 

observations, in the raised coral-cliffs of Pelelew. Their base, 
which is everywhere visible, consists entirely of a few species of 
Lophoseris mixed with other deep-sea forms; the species of 
Lophoseris belong indeed to the most delicate forms, and the 
genus itself is one of the most fragile of the inhabitants of the 
deep sea. The higher and highest portions of the Pelelew cliffs 
contain on the contrary only Asti'seidse, Madrepores, Porites, 
and similar natives of small depths. And in direct proportion 
as this structure of the elevated Pelew reef furnishes an argu- 
ment for its origin during a period of slow upheaval it affords a 
no less strong one against the hypothesis that it could have 
been formed during a period of subsidence. 

Thus we have reached the end of our enquiry. It has 
shown us that the subsidence theory ^^^ is insufficient to explain 
the structure of the Pelew reef, and also that all difficulties dis- 
appear if we assume that the really efficient influences which 
have determined the growth of the corals in certain directions 
operated during a period of slow upheaval And finally, it has 
offered a last, grand example of those direct effects of water in 
motion on the mode of growth of animals, of which, in a former 
section, I have mentioned other less conspicuous instances. 
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CHAPTER IX. 

CURRENTS, VIEWED AS A MEANS OF EXTENDING OR HINDERING 

THE DISTRIBUTION OF SPECIES. 

All the parasites that live within other animals are without 
exception adapted to more or less extensive migrations if they 
ai'e to maintain their existence as a species in the struggle for 
existence. If, for instance, a Trichina were incapable of living 
in the stomach of any other animal than man, it would have a 
bad chance of living any longer than the man in whom it had 
accidentally originated ; for since its progeny imbed themselves 
in the muscles of the individual in whose stomach the parent 
produces them, any transmission to another individual, and con- 
sequently its continuance as a species, could only be secured by 
cannibalism. If an ordinary fluke (Distoma) were obliged to 
complete the whole cycle of its development in one and the 
same individual, it would necessaiily perish with the death of 
its host. Thus migration is one — and in fact the most impor- 
tant — of the conditions of life for all Entoparasites. 

On the other hand we know that this rule, indispensable 
to parasites, is not directly applicable to all other animals. 
Many, on the contrary, continue to exist within very limited 
and narrow regions ; most of the land mollusca of small islands, 
for instance, have a very narrow range, and it would appear as 
though their continuance as distinct species for very long periods 
were secured by the maintenance of the balance between themselves 
and the external conditions of life in the locality they inhabit. 
Here migration, as a condition of existence, seems to be abso- 
lutely excluded. But between this and the former extreme 
there is every conceivable degree of transition, and we are there- 
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foi-e justified in supposing that either active or passive migra- 
tion is one of the chief general conditions for the existence of a 
species as such. For instance, all sedentary animals, as Corals, 
are just as dependent on migration as parasites; if we suppose 
that one single si)ecies of coral suddenly lost the capacity of re- 
production by eggs and swimming larvae, and only preserved 
tho power of reproduction by buds, it would, no doubt, be able 
to extend itself, like a tree, in the spot it lived on, but it must 
nevertheless presently die out if the external conditions of its 
existence were considerably changed — as, for instance, by sub- 
marine volcanic action. Consequently the only means by 
which such a species can maintain itself as such, is the power 
possessed by its larvae of migrating and transporting the species 
beyond the original limits of its dwelling-place, so that changes 
which might lead to ils annihilation in its place of origin may 
not exterminate it. or at any rate not everjrwhere at once. The 
same is the case for the greater number of animals ; the tendency 
to migrate is an important — perhaps even the most important — 
means employed by Nature to preserve a newly originated 
species from destruction. 

This migration, which would seem to be indispensable to 
the great majority of animals, may be either passive or active. 
To the latter category belong the migrations of birds, of certain 
mammals, of many fishes, insects, <fec., while many animals 
living in the sea are, on the contrary, passively migratory, as 
Salpae, Medusae, Pyrosomae, (fee. These are borne involuntarily 
by currents, while the former determine the direction of their 
wanderings by their own choice. In all cases of passive migra- 
tion it is self evident that the existence and distribution of the 
species will depend on the strength and direction of currents; 
but even in the journeys made by those creatures whose 
migrations are voluntary, the same influence is often more or 
less recognisable. 

The effects of cuiTents in water or in the air may be of two 
different kinds. In the first place they may serve as means for 
the distribution of the species; secondly as limits hindering their 
extension. We shall now consider the effects of currents in 
each of these tUrections ; but at the sjime time it must never be 
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forgotten that the results thus produced may easily be altogether 
concealed, or even completely nullified and reversed, by the 
simultaneous operation of other conditions of existence which 
are inseparably united with this, the only factor we have imme- 
diately to consider. Granting that a species, be it what it may, 
were borne by a marine current to an uninhabited island, its exist- 
ence would depend not merely on its safe arrival there, but also 
on the favourable or unfavourable circumstances prevailing in 
the island. It is beyond a doubt that very many larvae of marine 
creatures are carried by currents to the shore or into the mouths 
of rivers ; but most of them perish been use they do not there 
find suitable conditions of existence. The warm Mozambique 
current carries many warm-water animals out of the Indian 
Ocean into latitudes in which they cannot continue to live 
because they are unable to accommodate themselves to the low 
temperature prevailing thei-e. In such researches we are obliged, 
and indeed required, to separate the different influences to which 
animals are exposed ; still we must not forget that such a 
separation never occui*s in nature, but that, on the contrary, 
different and often antagonistic forces ai-e frequently quite in- 
separable. 

1. Currents and Winds as a means of the difEusion of 
species. — It is a well-known fact that regular winds, as well as 
storms, are able to carry many flying creatures to enormous dis- 
tances from their homes. Insects of all kinds are often caught 
hundreds of miles from the neai-est land, out on the high 
seas; North American birds not unfrequently come across 
the Atlantic Ocean to Scotland ; it Ls well-known, too, that the 
birds of many small islands ai^ identical with, or very nearly 
related to, those of the nearest continent from which the winds 
blow that usually sweep over those islands. Ocean currents act 
in the same manner ; all free-swimming or even drifting animals 
and larvae are borne along by them, and the edge of the currents 
often marks a very sharply defined line of limitation between two 
quite dissimilar faunas. I shall never forget the impression 
made on my mind, when I was sailing round the Cape of Good 
Hope, by a sudden change in the fauna of the ocean surface from 
this very cause. West of the meridian of Cape Town the 
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animal worH was remftriabl}' poor in speiiies, and more pai-- 
ticulai-ly waa it devoid of all the larger forms, as Medusie, 
swimming Polyps, Ascidians, and such like ; quite siiddenly tho 
ocean teemed with abundant life as we entered on the wann 
Mozambique current to the east of the Cape. The whole sea 
was literally covered with animals of every kind, and for more 
than two dnys we sailed without interruption through fields of 
gigantic Pyrosomata {^P-giganUvm, see fig. 71), which swam so 
close together that at night the whole ocean, out to the farthest 
horizon, shone with their blue gleam as if in broafl moonlight 

Now we might easily be led to suppose that the winds must 
act exclusively on flying or land animals, and currents, on the 
other hand, exclnsively on ci-eatures living in the water. But 
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the investigation of certain special cases will prove, on the con- 
trai-y, that these influences are often combined, BO that land 
animalb oi air-breathers become dependent on cun-ents in wafcsr, 
and also aquatic animals on the winds. It is nevertheless my 
intention to consider the action and eflects of winds and cut-- 
rents separately. 

(a) Cnrrents as a means of distribntioiL — By far the 
gi-eater number of invertebrate animals freely swimming or 
floating in wat«r are incapable of offering any resistance to the 
current, and are therefore carried along in the direction which 
the curi-ent itself take=!. All the larvie of Sjmnges, Polyps, 
Annelida, Tunicata, Echinodermata, and very many Molluscs 
as well as fully-grown Radiolai'iie, the floating Tunicata, Ptero- 
poda, Hetei-opoda, many Annelida, and the Medusse, though 
many of these ai-e pixividsd with special swimming organs, are 
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perfectly incapable of swimming against tbe feeblest stream. 
The only invertebrate animals which are able to overcome 
perhaps the strongest currents are the Cuttle fishes. 

The well-known wealth of forms in the Mediterranean and 
in the Red Sea owes its origin, certainly in great part, to the 
action of the constant marine currents. Both these seas are 
connected with the ocean only by narrow straits through 
which a superficial current incessantly flows in. The strength 
of these currents may vary with the time of year and the direc- 
tion of the prevailing winds, but their direction is invariable the 
whole year through. Hence all the animals drifting on or just 
below the surface, when once they have been carried in through 
these narrow straits, cannot easily get back to the open ocean, 
and so all the forms that never sink below a certain inconsider- 
able depth must remain in the inland sea, and only those few 
species or individuals which reach the deeper return current 
and do not leave it can be in a position to be borne back by 
it to the ocean. Consequently both these seas, by reason of the 
inflowing surface currents, are a sort of trap ; everything can 
get in, but nothing can get out again ; thus it is inevitable— 
and it is actually the case — that a vast accumulation of species 
as well as of individuals occurs in there seas, wherever the 
other necessary conditions for the existence of the individual 
forms exist. 

Another result which may be dii-ectly referred to marine 
currents —in combination, of coui-se, with other influences — is the 
wide distribution of such marine animals as have free-swimnodng 
larvge. If, for instance, we compare the marine mollusca of the 
Red Sea with those of the Philippines, their extensive resem- 
blance strikes us at once; nay, even those of the Western 
Pacific closely agree with them both in several respectfi. In 
strong contrast with this state of things is the fact that the land 
mollusca of Eastern Africa, the Moluccas, the Philippines, and 
western islands of the Pacific, exhibit scarcely a single genus 
which is common to them all, and the species — irrespective of 
a few unimportant forms probably introduced by man — are 
totally different in all these provinces. 

This resemblance between the fauna of extensive marine 
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districts proves at once that the constant cuEreats acting in 
these regions have prevented the separation of the varieties that 
probahly occur, into distinct species; for we know fi^om Dar- 
win, that a new species can never be ia a position to maintain 
itself unmixed, if the individuals which have been modified by 
some influence are not prevented from breeding in again with 
the pirent stock. But the coiients which keep the Indian 
Ocean and Ked Sea m communitation with the Pacific Ocean, 
being constant, can jiist as well transport the parent forms as 
the varieties, and consequently a free crossing between all the 
forms derived from one stock is not only facilitated but rendered 




inevitable. The Crustacea and Fishes of the Red Sea correspond 
very exactly with those of the Indian Ocean and Philippine Sea; 
more than half the genera and a large number of the sijecies 
are actually identical in these two very widely remote regions. 
Even spedes which have accommodated themselves to a quite 
peculiar mode of life are sometimes dispersed throughout these 
regions; thus, for instance, the CryptocJiirua of the Eed Sea 
appears to be in no respect specifically different from that of the 
Philippines, and the Hapahcarcinus of the Pacific, detcrilfcd by 
Stimpson, is found, it would seem identical in species, at the 
Isle of Bourbon not far from Africa. Onckidium virj-ucula- 
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turn, a land mollusc living on the seashore, and having a very 
peculiar mode of life and anatomical structure, is found absolutely 
identical in the Red Sea, the Philippines, and North Australia, 
and on the Chinese and Japanese coasts. Another species of the 
same genus, Onchidium tonganum (see fig. 72), is found alike in 
the Tonga Islands and the Mauritius. Diflferent species of the 
genera Auricula and Scarahus, belonging to the Pulmonata, of 
which the larvae have an operculum and probably float in the 
sea, have an equally wide distribution. All these, and many 
other species which cannot be mentioned here, are easily ti'ans- 
ported by currents, either in the larva state or fully grown, and 
the general similarity I have indicated of the marine fauna, 
from the Red Sea as far as the western half of the Pacific, must 
be the result of a diffusion of species effected by constant 
marine currents. 

The influence of such currents is even more conspicuous in 
the distribution of many land-animals, although at first sight it 
might seem paiudoxical to say that the distribution of animals 
living on laud can be affected by currents in the sea. The evi- 
dence, however, is easily produced. If we reflect, to begin with, 
that all Land mollusca, the great majority of Insects, and many 
Reptiles and Birds, being vegetable-feeders, are directly depen- 
dent for their existence on cei-tain species of plants, it is evident 
that their presence in particular spots, as well as their geogra- 
phical distribution, depends in the most direct manner on the 
action of currents, since these it is which principally determine 
the distribution of the plants on which they feed. Granting 
tjiat a monophagous insect were by any means transported to 
an island where it did not fin<l the only plant adapted for its 
support and to which that plant never could be brought even by 
currents, that species must inevitably perish. But there is yet 
another way in which currents may affect the distribution of 
animak, besides this indirect mode by means of the plants they 
feed on. Many Insects are easily transported as larvae, in and on 
floated trees and wood ; small Mammals, no doubt, are also car- 
ried in this way from one place to another ; the ^ame is the case 
with many Reptiles and Amphibia, and it is more than probable 
that land-snails can trav. 1 only in this way, and in no other, 
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from one island to another. We may ther3fore expect to 
find on islands in the neighbourhood of a continent a ten'es- 
trial fauna closely resembling that of the continent, if the maiine 
currents are such as to favour transport from the mainland to 
the island. Examples abound : the Galapagos have a South 
American fauna, the Sandwich Islands a North American one. 
Moreover, the terrestrial fauna of an island may be expected to 
be very dissimilar from that of the nearest mainland when it 
does not lie within the influence of the currents flowing from it. 
Of this too there are plenty of examples ; the best known is the 
case of the Canary Islands ; their land mollusca have a pro- 
noijjjced European character, although by their geographical 
position they belong rather to Africa than to Europe. Attempts 
have been made to explain this fact by an assumption that there 
was formerly a connection between these islands and Eiu'ope 
through Spain ; an assumption which might certainly find much 
to support it, if animals so large as to be incapable of Jbeing 
transported by winds or currents, had been found in these 
islands, either living or fossil. This, however, is not the case, and 
it appears to me that the force and direction of the currents 
sweeping past the :e islands amply suffice to explain the Euro- 
pean character of the land mollusca and insects of the Canaries. 
Supposing that a long chain of islands had connected two lands 
lying far apart and differing widely in their fauna, it might be 
expected, and with great probability, that the fauna of this group 
could have retained no special homogeneous character. For 
the vicinity of the two terminal coimtries, and the currents pro- 
bably existing, might easily have caused on the islands a mixture* 
of the two dissimilar faunas. This is, in fact, sometimes the case. 
The Philippines lie very nearly north and south ; the northern 
islands are connected with China by the Bashees and Formosa, 
while the southemmo.4 island, Mindanao, is connected by 
Celebes and some smaller islands with the Moluccas, and the 
south- western island, Palawan, hangs on to Bom-o by Balabac. 
Wallace certainly includes the Philippines with China; the 
Malayan peninsula, Sumatra, Java, and Borneo, with some 
smaller islands, constitute his * Malayan province,' which he 
contrasts strongly with that of New Guinea and Australia, to 
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which lie adds the Moliieisia and Celebes. But quite irreBpective 
of the question tbus raised, which I shall discuss presently, 
the different portions of this Malayan province exhibit great 
and CKtraoidinary differences. A greater contrast can hardly 
be conceived of, than that, for instance, between the faima of 
Hong Kong, Amoy, or even Siam, on one side, and Borneo, 
Java, and Sumati-a, on the other. And this difference ia 
repeated in a very striking manner in the Philippines, where the 
northern district displays an unmistakable harmony with the 
tme Chinese fauna, while the southern islands show a marked 
resemblance partly to Borneo, partly to Celebes and Gilolo, and 
partly to the western ieliinds of the Australian r^on. 




As these remarkable facts are probably not universally 
known, I will hei'e give rather fuller details as to the more im- 
portant of them. 

The most prominent feature of the fauna of the Philippines is 
beyond a doubt its terrestrial moUusca.'"* Setting aside the 
minuter forms for the present, the following five genera are 
those which give this fauna its peculiar character : Cochlostyla, 
(sae fig. 73, a and d), ObHna, Cldortea, Helicarion, and Rhy»dta, 
They are here extremely rich in species, while on the adjacent 
islnuds, not belonging to the Philippine group, only a few quite 
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distinct species occur which can be included in these geiiera. 
Thus thi-ee epeciea found in Borneo belong to the genus Cocklo- 
slyla (antiqua, sulcocincta, and xant/iostoma). Chloraa {see 
tig. 73, b c) ia entirely confined to the Philippines, and is not 
found even in Mindanao ; Mdicarion also is a purely Philippine 
genus, and its nearest allies even do not occur ia India, as might 
be expected from Wallace, but in the Australian region ; of the 
genua Obbina four species belong to the Australian province 
and one to liorneo; Rkyeota ia confined to the Philippines. 
Associated with these peculiar forms are other genera which 
are not characteri)itic of these islands, and which have a very 
ivmarkable geographical distribution. Closely related t« Chlo- 
— in anatomical structure, though not in the appearance of 
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the shell — is the widely diffused group of Helix simUaris, which 
U veiy common throughout the China region ; three or four 
species occur in the north of Luzon, and only one extends as for 
south an Bohol ; none at all are found in Mindanao. The only 
Philippine species of the genus ClausUia inhabits the island of 
Camiguin to the north of Lu?on ; it belongs to a Chinese divi- 
sion of this widely distributed and highly variable family. 
CJiloro'.a itself is most extensively developed in the north of 
Luzon. Thus these three genera give to the fauna of the north- 
ern Philippines a sprinkling, as I may say, of the Chinese. 

At the extreme south, on the other hand, there ia a certain 
harmony with the fauna of the Moluccas and the Malayan 
peninsula. Foi" instance, the genus Amphidrotnua, which is so 
characteristic of the Malayan province (see fig. 74), sends only 
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two Species to Mindanao, of which one (A. maculiferus) extends 
as far as Bohol and the south coast of Leyte, while the other (^A, 
ch'oris) is found only on the south-west point of Mindanao. 
Three species of the genus Xesta, which is at least equally cha- 
racteristic of the Malayan islands and even of India itself, 
as the two species of Amphidromus above mentioned, have the 
same distribution ; two of them have hitherto only been found 
in Mindanao {X, Antonii and nohilis), the third {X. Cumingi) 
lives in Mindanao, Camiguin de Mindanao, and Bohol; and since, 
moreover, the number of typical Philippine species is very 
inconsiderable in Mindanao compared with the others, the 
remarkable encroachment of Indian forms on the south Philip- 
pine province is all the more conspicuous. 

Hence, having regard to these differences, the Philippines 
may be divided into three regions : I. The northern, which ex- 
hibits in some degree the Chinese character. II. The south- 
em, which has Malayan or Australian affinities. III. The 
Median, which may be called typically Philippine, since it 
has scarcely any admixture of foreign elements. This result 
is confirmed when we come to consider the other animals in the 
islands. The stag of the Philippines has, so far as I know, 
hitherto been found only in the north of the archipelago, and 
its nearest allies are in China. Galeopithecus and Tarsiios, 
both highly characteristic of the Indian Islands, only occur 
in the southern Philippines, and never in Luzon ; an apparently 
new species of the Malayan genus Cladohates is found only 
in Mindanao. One single species of Barhus, a fish, I found 
only in Mindanao ; this genus is represented in the Malayan 
islands by veiy numerous species ; and the singular Platyptera 
aspro, of the family of G^bioidae, in the same way occurs 
only in the south of the Philippines. Among reptiles, Arnbly- 
cephcdus hoa, Dipsaa dendrophila, Tropidophorus Grai/i, and 
Ptychozoon homalocephalum, all living exclusively in Min- 
danao, belong to the purely Indian fauna. The same mixture 
of autochthonous species with Indian species in the south, and 
Chinese in the noi-th, is displayed by the butterflies, as my brother, 
Greorge Semper, informs me. from studying my collection of 
insects. 
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This mixture of the true Philippine fauna with the two 
foreign elements at the opposite ends of this chain of islands can, 
as it seems to me, be satisfaccorily accounted for only by the 
assumption that the marine currents, which in those seas are 
dependent on the monsoons — or at any rate are greatly influenced 
by them — have been the essential means of transporting animal 
forms. ^^^ For animals from China could by their aid reach only 
the most northern islands, while those from the Indian and 
Australian islands must £b:'st reach Palawan and Mindanao. 
This, as I have shown, is precisely the case ; and the almost 
entire absence of such forms, which would easily betray their 
foreign origin, from the middle region of the group confirms the 
idea that in the north immigration has taken place from the 
west and in the south from still farther south. 

The general conclusion to be drawn from this — i.e., that 
the constant currents combined with the changes of the mon- 
soons have been the principal agents in the peculiar distribution 
of many of the land mollusca of the Philippines — is still further 
strengthened by the following considerations. If land-snails in 
general can be conveyed from one island to another at all, it 
certainly can only be by currents, and presumably by the inter- 
vention of trees on which they are borne, and their eggs may be 
transported in the same manner. But it is self-evident that in 
this way a selection will be effected between the different forms, 
according as they are qualified to endure an ocean voyage or not. 
Large species and such as live in the highest branches of trees 
and lay their eggs there, like all the species of GocMostyla, 
are obviously far more difficult to transport than small species 
which can creep into the rifts in trees or between the roots ; the 
species of a group which, like Helix similaris, live on the ground 
among stones and earth, will be almost as well protected on the 
sea- voyage as the operculated snails which have the mouth of the 
shell closed by a lid or shield, which protects the soft part of the 
creature almost perfectly from contact with the salt water. 
Hence we may expect to find in islands a greater multitude of 
different species in those genera which are most easily trans- 
portable. We know that the constant introduction of the parent 
forms in any numbers into a new colony will prevent the 
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formation of a new species in that spot. But the difficulty 
of transport across the sea must, on the contrary, probably 
prevent the fre<:iuent importation of new individuals of the 
parent form, and consequently the formation of a new species 
will be facilitated by the impediment thus offered to free cross- 
ing with the original form. 

These inferences from the view that constant currents con- 
stitute an important auxiliary in the diffusion of land mollusca 
are, as every conchologist knows, in perfect accordance with the 
facts. Most of the small species and of the operculated species 
have a much wider range than the large inoperculated forms. 
While the typical Philippine genera Coohlostyla, Bhysota, 
Helicarion, Chlorcea, and ObbinU, which principally dwell in 
trees, are found only, or almost only, in the Philippines, the 
small genera, as SuhuUnay Trochomorpha, and Ennea, among the 
Helicidse, and the Operculata Cyclophorus, AlycceuSy Helicina, 




Fig. 75. — Trochomorpha eq. 

and Diplommatina, have a very wide distribution, and at the 
same time a remarkable uniformity of species. Thus Entvea 
hicolor ranges from India to the Pacific Ocean, where I myself 
found it in the Pelew Islands; the same species of Ilelicina, 
Pupina, and Leptopoma occur in almost all the islands of 
the Philippine Archipelago, while, notwithstanding the great 
number of species in the genus CocJilostyla, no two identical 
forms are to be found in Mindanao and Luzon. The species of 
the genus Trochomorpha are extremely similar in appearance, 
whether they come from India, the Moluccas, the Philippines, 
or the islands of the Pacific ; nay, several species of this genus 
are distributed throughout this vast region, almost without any 
variation in their shells. 

In the closest connection with these facts is the theory, 
which, under the name of the Migration theory — or, as it is now 
called, the Separation theory — ^has been propounded by its origi- 
nator Moritz Wagner in opposition to Darwin's theory of seleo- 
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tion. Its piincipal propositions are as follows : The struggle for 
existence and the selection it gives rise to cannot by itself lead 
to the formation of new species ; this can only take place when, 
in the first place, one or a few specimens of a species are intro- 
duced at a variable stage into a new home; when, secondly, 
these by their removal to a distance are prevented from cross- 
breeding with typical individuals of the parent stock ; and when, 
thirdly, a selection is effected by the external conditions of 
existence among the varieties arising in the new colony.^ ^® 

Setting aside, for the moment, the question as to whether 
this theory is really opposed to Darwin's or no, we will in the 
first place inquire whether in its strict application it is actually 
capable of explaining all the facts occurring in nature. And I 
must at once confess that in this respect I can by no means 
admit Wagner to be right. 

Many kinds of Infusoria are distributed over the whole 
globe in sharply defined species. Now it is quite certain that 
among these creatures no separation by removal exists to pre- 
vent the free interbreeding of any variety with the parent 
form. They are most easily transportable, either living in 
water, or when dry, as dust by the wind, and indeed we see 
that in no other animal group are there species so cosmopolitan 
and so universally distributed as among the Infusoria ; never- 
theless the characters of the different species remain very 
constant. Between the tropics there is no sharply demarcated 
breeding period for the greater number of marine animals, so 
that fully grown individuals, young ones, and eggs, can at all 
times be found side by side in every stage of development. 
Moreover the fertilisation of the eggs is eff*ected while they 
are freely swimming in the ocean in the case of almost all 
Echinodermata, all Coelenterata, many worms, most bivalves, 
and many Tunicata, Brachiopoda, and Bryozoa ; and in the few 
viviparous forms of these groups no union of the sexes takes 
place. On the contrary, the fertilisation of the ova is left to 
chance ; the spermatozoa or male element being expelled into 
the sea and conveyed by currents which bring them into contact 
with the eggs or with the female parent organism. In these 
and also in all those marine species which have free-swimming 
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larvae, absolute separation of all new varieties from the parent 
species is thus rendered impossible. Nevertheless, these forms 
have specific peculiarities as distinctly marked as those of 
insects, vertebrate, and land mollusca, the only animals which 
Wagner takes into consideration in his investigations. Accord- 
ing to his theory, on the contrary, all such species, whose free 
crossing with the parent form is not prevented by separation, 
should remain very variable, and should not be distinguishable 
into any great number of well-defined species. But, this not 
being the case with the creatures above mentioned, it follows 
that separation by distance cannot be, as Wagner asserts, the 
one exclusive cause of the oiigin of new species. 

It is admitted, of course, that Wagner in his argument 
recognises the influence of the external conditions of existence 
and duly allows for them ; but since these occasionally act as a 
selective power — as in the case of many lower marine animals — 
without the co-operation of a contemporaneous sepai-ation of the 
varieties from the parent form, this last circumstance can never 
be the sole cause of the process of forming a species, though it 
may sometimes bear a principal part in it. The first question 
is thus answered. 

The second question is : Is it indeed the fact that Wagner's 
separation theory difiers so totally from Darwin's theory of 
selection that each completely excludes the other, as Wagner 
seisms to think 1 It does not appear so to me. Both assume 
that difterent species are more or less variable ; both assert that 
free crossing with the parent form must be pi'evented if a new 
species with constant characters is to be developed ; they agree 
in believing that a selection also must be efiected among those 
variable forms in order to induce the constancy of specific 
characters and to increase the useful ones by accumulation. I 
can detect only two trifling difierences in their respective views. 
Wagner appears to think that physical separation or removal, 
which certainly is a very frequent result of migration, is 
the means exclusively employed by nature to prevent free 
crossing, while Darwin says that this result may often be 
effected by numerous other and very dissimilar causes, as for 
instivnce by differences in the size of the male and female ludi- 
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viduals, by antipathy and sympathy, by incompatible differences 
of structural character, &c. Actual separation, which is often 
but not exclusively the result of migration, may no doubt 
sometimes prove a stronger means of preventing free crossing 
than such physical or structural peculiarities, but it cannot 
possibly be disputed that these, in many cases, certainly suffice to 
effect the same result as, in other cases, is brought about by 
Wagner's favourite means, local separation. Hence, Wagner's 
theory lays far too much stress on migration as a factor, so far 
as regards the indispensable prevention of crossing, and alto- 
gether ignores others which, under some circumstances, are of 
quite equal efficiency. Consequently migration must be put in 
the same category with all the other causes which, according to 
Darwin, may interfere to prevent cross-breeding; and so 
Wagner's theory forms in fact a subsidiary to Darwin's. 

The second apparent difference between their views seems to 
lie in the method by which the selection between the different 
varieties takes place. Darwin says that it is * the struggle for 
existence,' while Wagner vehemently quari*els with this expres- 
sion and regards the influence of external surroundings as the sole 
efficient means — the influence, that is, of the conditions of exis- 
tence. At the first glance this might appear to be a funda- 
mental difference ; but the difference in the expressions used is 
altogether superficial and may have arisen merely from a mis- 
understanding of the word used by Darwin. Wagner ex 
pressly says, in his latest work, in terms that cannot be misun- 
derstood, that he is of opinion that the words * Struggle for 
Existence ' * are used by Darwin to denote exclusively that direct 
combat between two individuals of the same species in their 
efforts to possess themselves of the same prey or of the same 
female.^ *^ This, however, seems to me a quite erroneous inter- 
pretation of Darwin's expression. For although Darwin him- 
self frequently explains that in his opinion the personal strug- 
gle between two individuals of the same species exerts a far 
greater selective power than the surrounding conditions can 
effect with all their sudden changes, he by no means ignores 

♦ * Not very happily rendered into German/ says Dr. Semper him- 
self, ' by the words, Kampf urns Dascin.' 
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these influences, and in various places expressly states that they 
may sometimes have had precisely the same results ^^* as 
Natural Selection in its most limited acceptation. In short, if 
I rightly understand Darwin, he applies this expression, not 
exclusively to the struggle or combat between two individuals, 
but conceives of it rather as the sum total of all the efforts 
which a newly constituted species must make to succeed in con- 
quering all the hindrances to its development, and at the same 
time to avail itself to the utmost of every favourable circum- 
stance that offers. It must certainly be conceded that Darwin 
generally applies the words * Natural Selection ' to those cases 
only of the most direct competition between two animals, of the 
same or of closely allied species. This indeed is the obvious 
inference from the fact that he considers it necessary to contrast 
Natural and Sexual Selection, although the sole difference 
between them properly consists in this : that in the former the 
struggle is for a dead object, in the latter for a living one, i.e, 
the female. It may still further be conceded, as indeed Darwin 
himself has admitted, that in the first instance he somewhat 
undervalued the selective influence exerted by the surrounding 
and external conditions of life ; but to assert that he wholly 
ignored them is far from the truth. On the contrary, these 
influences constitute an essential part of his theory, though 
Darwin himself assigns them but a small and undoubtedly too 
limited part in it. Still Wagner's separation theory is not 
thereby opposed to Darwin's, but, on the contraiy, an integral 
part of it ; and it is an indisputable fact that the various propo- 
sitions which constitute the * separation theory ' had long before, 
if in a different form, been announced in the chapter on the 
geographical distribution of animals in Darwin's work on the 
Origin of Species. 

But while I must thus, in the most positive manner, dispute 
the idea that Wagner's theoiy is in any way essentially opposed 
to those of Darwin, I may on the other hand admit, once more, 
that migration and the separation frequently occasioned by it, 
as well as by currents, may exert a very decisive influence on 
the formation of species. Such an influence is recognisable in 
the £eu^ that such land-snails as are difficult to transport by 
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ciirretitB exhibit a great wealth of different species even in 
adjikcent islands, while those species which are easily trans- 
ported have a much wider i-ange, combined with a. greater 
constancy of character, than the species of the former group. 

It might perhaps be inferred from the foregoing remarks 
that it is my view that in every case when faunas widely sepa- 
rated by distance eshibit a certain resemblance or affinity of 
species, one and the same influence, i.e. the action of constant 
marine currente, must be regarded as the cause of that correla- 
tion. But I think I hardly need guard against such a mis- 
apprehension ; a brief account of the moat interesting cases of 
this kind will suffice for my purpose. 




Giinther has shown that the tol■toi^e3 of the Mauritius'" 
are very nearly related to those of the Galapagos, which, lying 
near South America, are almost the antipodes of the island in 
the Indian Ocean. The characteristic species of BvUmvs (a 
land mollusc) in South America have their nearest allies, not in 
North Americii nor in the West Indies, but in New Caledonia 
and the Feejee Islunds, ns I can attest from my own minute 
investigation of such animals. The extinct birds of Madagascar 
show a near relationship to those of New Zealand ; many fresh- 
water fish of New Zealand are identical or very nearly allied 
with those of Chili; Temnocepliala chilendi, a small parasite 
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(see fig. 76) on the legs of a fresh- water crab in Chili, ocelli's 
identical in species in the Philippines aad in Java, but on per- 
fectly different crabs. It would be easy to multiply instances, 
but these will suffice, I believe, to show that any attempt to 
explain them by the action of constant marine currents must 
altogether fail. Other causes must here have combined to 
produce so striking a resemblance between the faunas of 
islands lying so far apart ; but it would be difficult to discover 
them in every case. Wallace has justly observed in his great 
work that such cases ought, under the circumstances, to be 
regarded as a proof of the justice of the hypothesis that those 
types which have occasioned the similarity of remote faunas 
must have had a very long historical duration, persisting very 
likely throughout many geological epochs. Also it must not 
be forgotten that the convergence or parallelism of different 
species may sometimes have led to the formation of two simi- 
lar faunas in very remote places in nodem times. This, 
however, is not the proper place for a discussion of this inter- 
esting point, and I must refer the reader who is particularly 
interested in it to the brief remarks he will find in the 
Appendix. ^^* 

(b) The wind as a means of dispersal. — It is evident that 
the distribution of all flying creatures, ^.e. the selection of forms 
among them, must in a great degree depend on the direction 
and strength of atmospheric currents, whether these be r^ular 
winds or irregular storms; but it is a matter of very great 
difficulty to determine what share each mode of atmospheric 
motion may have, or how they may co-operate. 

Instances of animals being carried by wind-storms far 
beyond the limits of their native province, or even beyond seas, 
are universally known, and it must here suffice to refer the 
reader to the chapter on the Means of Dispersal in Darwin's 
work, in which a great number of independent examples are 
given. Still we are justified in inquiring whether indeed such 
an accidental transportation of solitary individuals to countries 
where they are merely interlopers, can have often led to the 
acclimatisation of a species in a new country. For it must 
not be forgotten that, independently of the difficulty they will 
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expeiience in maintaining themselves under the new conditions 
of existence, their ultimate establishment there must genei*ally 
depend on two individuals of the same species and of different 
sexes being simultaneously, or almost simultaneously, carried to 
the new country. On the other hand, the strength of regular 
winds, such as monsoons, trade winds, &c., would not seem to 
be so great as that flying creatures, such as birds and insects, 
could be carried away by them against their will, nor, indeed, 
with such rapidity as would be requisite to enable them to 
reach some distant destination before they had perished of 
hunger. There are, however, a few cases in which such effects 
of wind are apparently so obvious that they cannot be over- 
looked or disputed. 

The most conspicuous and often-discussed example is afforded 
by the fauna of the islands lying near to, or at no great distance 
from Africa. It has long been known that, as regards their ter- 
restrial fauna, the Azores, Madeira, and the Canary Isles belong 
to Europe, and that even their birds and insects are for the 
most part only specifically distinct from those of Europe. Nay, 
Dohm has lately shown that even the Cape de Yerde Islands, 
which are divided from Africa only by narrow straits, belong, as 
to the greater number of their animals, to the European region, 
although a small admixture of species from the Ethiopian 
region can be pointed out. Wollaston, Murray, and others 
have attempted to explain this remarkable circumstance in the 
following manner. They assume that all these islands were 
formerly connected with Europe by the mythical Atlantis ; an 
explanation which escapes all possibility of discussion and 
merely appeals to the greater or less credulity of different in- 
quirers. The explanation offered by Wallace in his latest work 
is founded, on the contrary, on forces of which we can ac- 
curately estimate the efficiency, and it seems to me that his 
views are amply supported by their extreme probability. He 
points out that in this region of the Atlantic, steady winds and 
storms alike blow in the direction which would be required to 
allow of such atmospheric currents having transported European 
animals to these islands. As an indirect argument for the 
correctness of this view he adduces the total absence of all land 
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Mammalia and Reptiles from the Cape de Verde islands, which 
would be incomprehensible if they had formerly been in actual 
connection with the European continent ; and as a direct proof 
he adduces the fact that almost all the birds are of European 
species, and that all the European species of insects which are 
found on these islands are strong flyers, while, on the other 
hand, 45 per cent, of the indigenous species of insects cannot 
fly at all, being in fact wingless. He has still further con- 
siderably strengthened his views by an investigation of the 
peculiarities exhibited by the land mollusca of these islands. 
These, as I have already said on the strength of Dohm's re- 
searches, bear a typical European character, but not one species 
is identical with a European form. The most important means 
of transport for land Mollusca are, beyond a doubt, marine cur- 
rents ; the possibility of eggs being conveyed by adhering to the 
feet of birds does not here come under consideration. The 
direction of the currents in the Atlantic is, moreover, such that 
the conveyance of European land-snails to these islands might 
easily be possible. But it is evident that constant winds would 
be able to ti*ansport a much greater number of individual 
flying creatures within a given time than that of the land mol- 
lusca conveyed by currents. Hence these last would exhibit a 
considerably less variety of species than the former ; for we know 
that the greater facility for free crossing with the parent species 
renders the formation of new species more difficult, while it is 
facilitated when a vaiiable species that has been introduced 
into a new home is by any means prevented from constant in- 
breeding with the parent form. And this is directly applicable 
to these islands ; there is no serious hindi'ance to the transport 
to them of flying creatures from Europe in great numbers, and 
accordingly we see that the good flyers among the insects of the 
Canary Islands are almost all identical with European species ; 
and it is in perfect agreement with this that the land mollusca 
which are difficult of transport have become differentiated into 
a number of new forms, since the greater difficulty of immigra- 
tion has prevented the crossing of these varieties with new 
individuals of the parent stock. 

This, of coiu^e, presupposes, or, rather, it follows from the 
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foregoing remarks, that the direction taken by the migrations of 
flying animals is, in a great measure, determined by the direction 
of the winds ; without this, Wallace's explanation would remain 
as unsatisfactory as the hypothesis of the sunken Atlantis. Such 
eflects ought, as we may suppose, to be most easily recognisable in 
the migration of those flyers which of their own free will make 
long migratory and aerial journeys ; moreover, we might expect 
to find some reliable data in observations made on migratory 
birds. But, strangely enough, aU the investigators of the 
phenomena of migration in birds appear to have taken no 
notice of this matter ; my closest researches have failed to find 
any data with regard to it, and the only remark which may 
have some value is that of Von Brehm, that migratory birds al- 
ways fly against the wind. The necessity for this is self-evident ; 
a bird which is driven before even a moderately strong wind 
blowing through its feathers, is prevented flying, and still more 
hindered in steering. Even in the most recent and very 
thorough researches as to the phenomena of the migrations of 
birds by Von Palm^n,*^* this point is wholly disregarded, and 
though it must be admitted that several of the lines of migration 
laid down by him from many observations can by no means 
be brought into agreement with those of prevailing winds, on 
the other hand the number of cases is not small in which a 
very extensive agreement between the two is conspicuous ; this 
is the case, to cite a single example, in the west of Europe. 

If then the observations at our disposal aflbrd no satis- 
faxjtory information aa to the question how far the influence, 
certainly exerted by tlie wind, affects migratory animals, it 
is still more difficult to trace its effects on aquatic animals, 
notwithstanding that they undoubtedly come under its in- 
fluence. This influence can naturally only be effective in two 
ways, either by flying creatures, like water-birds, carrying 
small animals or eggs on their journeys with them, clinging to 
their feet, or by the wind transporting these aquatic creatures 
directly through the air. Darwin has pointed out the possi- 
bility of the first mode in his discussion on the geographical 
distribution of fresh-water mollusca, particularly with a view to 
explaining the fact, recognised by him, that these animalf?, 

14 
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unlike their congeners living on land, display an extraordinary 
range of identical species. Eggs or young individuals, so he 
argues, might make very long journeys adhering to the webbed 
feet of a migratory duck; and as such journeys must be frequently 
repeated, according to the constant direction of the migrations 
or circuits of the bird, numerous specimens of the same species 
of water-mollasc must traverse the same route. The accumu- 
lation of individuals of the parent species in the same colony 
thus caused would prevent the formation of a new species, since 
the selective influence of the struggle for existence in the new 
conditions of life would be constantly counteracted by the re- 
peated immigi*ation of individuals of the parent form. 

This explanation is satisfactory, and in many cases it cer- 
tainly seems to be the right one, as, for instance, in the case 
of the distribution of the European fresh-water mollusca. Still 
very considerable difficulties stand in the way of its exten- 
sive application. It must, in the first place, be observed 
that the great similaiity of the fresh- water mollusca throughout 
the globe, assumed by Darwin, does not exist to such an extent 
as might be supposed from what he says. This contradiction 
on my part requires some explicit verification. The genus 
Unioj for instance, is distributed almost everywhere on the 
face of the globe ; it is absent only from a few tropical 
countries, as the Moluccas, the islands of the Pacific, probably 
New Guinea, and others ; but the species of TJnio are extra- 
ordinarily various; in North America almost every little 
stream has its own peculiar form, and the European, Asiatic, 
and Australian species are widely dissimilar. These differences 
may be even greater and more striking than we now suppose, 
for we have hardly exact knowledge enough of the organic 
chai'acters of more than a few dozen forms to venture to 
pronounce a decisive opinion, while hundreds of species are as 
yet known to us only by their shells. The other genus of 
fi*esh- water mussels, Anodonta, has an even wider range, for it 
occurs even in those islands where TJnio is wanting. But for 
this genus also these remarks hold good. Among the Univalves 
the genera Melania and Paludina (^g, 77) have a very wide 
distribution, and exhibit a considerable resemblance in the 
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characters of their shells ; nevei'theless, both have been sub- 
divided iuto a great number of dift'erent genera, and, as has 
been proved by a study of the animals themselves, in many 
cases thia has been perfectly justified. But hitherto we do not 
know the anatomy of more than & few dozen of these genera, 
and so it is at least possible, if not probable, that a moi-e exact 
investigation of the animals may demonstrate precisely the re- 
verse of any extensive uniformity in the structure of the species 
placed in these genera. Thus we bave no longer the right to 
spflak of the extensive distribution of the genera Melania, Paiu- 
dina, Anodonta, anJ Unto, and it is consequently superfluous to 
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seek an explanation of a fact whith, though it cannot be shown 
to be false, is as yet 'not proven,' but, on the contrary, cannot be 
brought into harmony with the few facta which are ascertained 
and established. 

One more difficulty must here be briefly alluded to. 
According to Darwin's views it might be expected that all 
easily transportable kinds should show a greater uniformity of 
species than those which are less protected against the perils of 
a long journey. But tbe reverse is often the case with fresh- 
water univalves. The species of Foludina and Melania have 
an operculum wbicb fits almost exactly into the mouth of the 
shell, so that the animal would seem to be efiectnally protected ; 
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Imt tlip sj)ecirs of Lymncr.a, Planorbit, Phyta, and Sucdnea, 
whic'li iilso live in fu'sh wat?r {see fig. 78), have no such pro- 
tpctioii, iiiiJ the nmiith of the shell ia remarkably large. 
I'.i-sc.ivfh has shown tluit, as a fact, operculated Bnails resist 
injurious iutliienc-ps far more successfully than those without en 
(iiwivuluni. According to this the species of the inoperculated 
fivsh-water univalves ought to exhibit a much sharper difieren- 
tiation into separate species according to their habitat than the 




opprcuktod forms; hut the fitct ie pi-ecisely the contraiy. 
Aniilosoiis examples of other fresh-water animuls could easily 
be adduced. Thus, for instjince, it is impossible to explain the ■ 
existence of 7'i-irtnoc -ji/ia/a c/nVaisw (see fig. 7C) in Chili, the 
Philippines, and Juva, by supposing it to have been carried 
thither by birds, for it deposits its eggs in its host ; and these 
are creatures much too large to have been carried alive by 
birds across the ocean. 

It would certainly be, I will not say a giat-tful, bnt a very 
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important task to determine the share which can with any cer- 
tainty be ascribed to the effects of atmospheric agency in the 
transportation of fresh-water animals. At present we cannot 
do this even approximately. The investigation would be un- 
commonly difficult, for, in order to get a clear idea of it, it 
would be necessary to contemplate at the same time the ques- 
tions, first : Whether many nearly-allied forms, or forms which 
to our eye appear as identical, might not have originatsd in two 
or more distinct localities by what is known as polyphyletic 
descent, and secondly : How old the different forms may be his- 
torically in the development of the animal world. In every 
case we should thus be led to an exact inquiry into the genea^ 
logical affinities of the animal. One example will suffice. True 
Astacidse or river ci*ay-fish occur in Europe, in America, and 
Australia, while they are absent from the intervening countries 
and . islands. Now, it would certainly be more than bold to 
derive either of these gi'oups directly from one of the others by 
any theory of transportation through the air on the feet of 
water-birds ; consequently the question at once arises, whether 
we here have an instance of polyphyletic descent or not. Now, 
so far as is known, there is no Crustacean living on land or in 
fresh water, in either of the three continents, which can be 
regarded as the parent stock of the Astacidse living there. But 
in the different Oceans we do indeed find crustaceans — as, for 
example, the species of Paranephrops — which have been con- 
sidered as the nearest allies of the river crustaceans ; we will 
not hei*e discuss whether with justice or no. Now, if these 
different marine AstacidsB had gone through the same migra- 
tions into rivers or on land, independently of each other in the 
three continents, and had passed through analogous modifications 
corresponding to those migrations, the extraordinary resem- 
blance of the river Astacidje at such wide distances from each 
other would be satisfactorily explained. But this method of 
explanation obviously presupposes that our views as to the 
essential affinity of the animals in question must be in fact per- 
fectly accurate. ^^^ 

Though, in the instances we have thus far been considering, 
it has been difficult, or even almost impossible, to point out the 
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effecta of wind on the migrations of fresh-water ajiimals, there 
are otliei- cases in which they can be recognised with the greatest 
ease. We know that our atmosphere is densely full of the 
desiccated germs of minute oi^anisms which are most easily 
raised and home by the wind, but which fall to the ground as 
soon as the air is still again. "We liaye learned from the highly 
imiwrtaut experiments made by Tyndall on lower organisms 
and their distribution, that the only unfailing method of freeing 
the air of such microscopic elements is absolute stillneaa. Thus, 
if it were poisible to trace with any certainty this sediment of 
the atmosphere, so to speak, we should be in a position to deter- 
mine the dii-eciion which the diffei-ent anin.\al8 occurring in it 
must hive taken through the air. 

But two conditions must be fulfilled in order that the distri- 
bution of animals may thus be effected : In the first place, the 
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force of the air in motion must suffice to raise the organisms 
hij;h up ; and, secondly, the oi^fanisms themselves must be capable 
of enduring the associated desiccation. These conditions are in 
feet fulfilled, but only with microscopic animals and the eggs of 
niiuute Invei'tebrata. All Infusoria, for instance, have the power 
of enclosing their soft bodies in a firm envelope, the cyst (see 
fig. 79) ; this they do ifgulai-ly before reproduction or when- 
ever the external conditions are too unfavourable. In this 
encysted state they are able to endui'e desiccation without any 
injury to their vitality, and, what is more, they can lie dry for 
years— how long is not known — and then, after tens or perhaps 
even thousands of years, revive to a new life. In this state, being 
extremely light, tliey are naturally easy to transport, and it will 
therefore not surprise the reader to hear that Ehrenherg waa 
able to detect, in dust collected in Germany at certain seasons, 
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minute organisms of this class which demonstrably belong to the 
West Indian fauna. The only possible explanation of this fact 
is the assumption that these organisms were borne to us by the 
higher stratum of the returning trade-wind and deposited in 
Europe, where the trade-wind gradually sinks. In the same 
way all those higher organisms are capable of being conveyed 
through the air which I spoke of in a former chapter as being 
able to endure long periods of desiccation : the Tardigiada, the 
Rotatoria, and the eggs of various small Crustacea and Worms. 
If, in fad, the wind in this way fulfils the function 
of distributing such organisms, all such passively migratory 
ci'eatnres must exhibit a very wide range ; or else — which is the 
same thing — a great uniformity must prevail in the fauna of 
different countries as regards these forms, since the extreme 
facilities afforded to the migrated individuals for constant cross- 
ing with those of the parent species which are subsequently 
introduced, will easily prevent the rapid formation of new species 
in the new locality. The fex3ts, so far as they are known, agree 
to a certain extent with these hypotheses ; but it is impossible 
at present to venture to offer any decided opinion in the matter ; 
the gaps are still too great in our knowledge of the distribution of 
these animals, the only creatures which for the moment concern 
us. We, as zoologists, may perhaps be blamed for this, since it 
is our duty to collect the observations bearing on the question ; 
but such a rei)roach does not touch us very deeply. Each science 
must determine its own course without regard to any collateral 
outside interest, and it may even occur that important questions 
should be for the time set aside from absolute necessity, if, 
within the province of the special science to which they apper- 
tain, no key as yet exists to their solution. And this is at 
present, or has hitherto been, in a conspicuous degree, the case 
with the point under discussion. So long as the vitality of our 
museums is kept up by the constant supply, year after year, of 
thousands of new butterflies and other insects imported from 
the tropics, so long as they can interest the public by the fact 
that so many new fishes or birds, bats or snakes, are described 
in them, so long, naturally, tm veiling naturalists will pay little 
heed to the search for those inconspicuous animals which are 
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alone of any importance to the question here under discussion. 
I myself, having been one of those very travellers, must own 
myself guilty of such an oversight ; but if I nevertheless may 
venture here to avail myself of the few incidental observations I 
have made, they allow me to come to the following conclusion, 
the same that we are led to by Schmarda's observations — that, 
in fact, in by far the greater number of the Infusoria, Rotatoria, 
Tardigrades, fresh- water Crustacea, and Worms, the European 
and American species are so extremely alike that they seem 
in many cases to be perhaps even specifically identical. If 
they were suddenly transfeiTed to Europe, they would scarcely 
alter the chai*acter of the fauna of our lakes and rivers in any 
degree. 

I say scaroely, intentionally and with due consideration ; ioc 
a few exceptions, at present unfortunat3ly too little known, 




Fig. so.— Cupris sp., from tl:e Pbilippines. 

seriously disturb this uniformity; or else forms are entirely 
wanting in other countries which, so far as our present ex- 
perience goes, belong to the characteristic fauna of the fresh 
watei*s of Eui-ope. To this latter category belong the Crustacea 
included in the group of Phyllopoda, which, wherever they 
occur, live almost, or quite, exclusively in ik)o1s or sloughs. 
Apics (see fig." 33) and Branchipus are the most familiar of the 
European forms of this family. Quite similar species occur in 
North America, Australia, the Feejee Islands, and Africa ; but 
for seven years I vainly endeavoured to discover any species 
whatever of this group in the Philippines; they are equally 
absent from the Pelew islands, and it would seem that they do 
not occur in the Malayan Archipelago. But the Daphnidae and 
Oypridae, which are associated with them in Europe and America, 
are nowhere wanting. I have found them whei*ever I have 
sought for them ; nay, indeed, species which were deceptively 
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like our own. Thus the question arises as to the cause of this 
absence of Phyllopoda in countries where other forms can exist 
which live under the same conditions, since both belong to the 
animal group whose distribution on the globe seems to be caused 
essentially by the action of winds. We know that all these forms 
produce eggs which can be dried without losing their power of 
development, and that many actually require to ha,ve been dried 
before the young can develope and escape. These eggs too are 
minute and light, and certainly can be borne as dust before the 
wind. Why then are Apus and Branch ipus absent in tropical 
localities where the other Crustacea nevertheless occur ] This 
striking anomaly is, however, as is easily shown, more apparent 
than real. The esbablishment of such forms depends not merely 
on the practicability of their germs being universally distributed 
in the manner above indicated, but also on the favourable 
accessones in the new conditions in which they find themselves. 
Hence it would be very possible that the eggs of Apus and 
Branchipus might reach the same tropical lands as those of the 
other Crustacea, but not find there the circumstances that would 
favour their development. What the hindering causes may be 
it is difficult to say, for we are now only at the very threshold of 
our knowledge of the vital conditions of these creatures ; but if 
it were allowable to generalise from Brauer's elegant experiments 
we might say that perhaps it is the absence of winter-cold 
between the tropics which constitutes this hindrance, for he has 
shown that the eggs of several Phyllopoda, at any rate, develope 
most rapidly, or perhaps only, when they have previously been 
exposed to a very low temperature, nearly down to the freezing 
point. 

The very general uniformity of the lower forms of fresh- 
water animals is, in the second place, interrupted by the occur- 
rence, among numerous species of typical European character, of 
isolated forms which appear perfectly foreign among their asso- 
ciates. Thus, among many Rotatoria in the Philippines which 
can hardly be specifically distinguished from the European 
species, there are a few quite divergent forms. The most 
remarkable of these is one named by me TrochosphcBra cequa- 
torialis (see fig. 81) and which I described as long ago as 1872. 
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I found this genus exclusively in Mindanao. What is the reason 
that it is absent from Luzon and Bohol, where the same external 
conditions of existence would seem to prevail as on the southern 
island? It is impossible to suppose that the eggs have not 
been able to find their way thither ; but wLat the numerous 
causes may be which aflfect their development, in one place 
favouring and in another preventing it, is not at present known. 
A. second example of the same kind is offered by the forms 
of Branchipus. Species of this genus live both in Europe and 
America. The species occurring in the two continents, though 
easy to distinguish, still are so similar that the American 
species might be transferred to Europe and vice versd without 
changing anything in the chaiucter of the fauna of either coun- 
try. But, associated with them, live a few other veiy divergenti 
forms, particularly the very singular Thainnocephalics, which 




Fig. ^l.—Trcchoi^hcera (quatorialis, a Philippine species (Rotatoria). 

disturbs the uniformity of the American Branchipoda by its 
occurrence in the south of the Union. Here also the causes are 
perfectly unknown which prevent this genus from developing 
fully in the higher latitudes of North America ; but we are 
obliged to assume that there are such hindrances, since it is 
difficult otherwise to see why they should not develope in the 
north just as well as the eggs of the other Branchipoda which 
are distributed with great uniformity over the whole continent, 
and which everywhere develope in the same manner. It 
appears to me that Brauer's researches — so often alluded to — 
if not as yet fully available, contain the germ of future and 
more fertile inquiry in this direction, and it is only to be wished 
that Brauer may not long remain in sole possession of this field, 
for a combination of forces will in this, as in every case, lead 
sooner and more certainly to the desired result. 
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2. Currents and winds as limiting the distribntion of 
species. — When we reflect on the mode in which dlone winds 
and currents can possibly convey animals from place to 
place, it becomes self-evident that they must very frequently 
act also as hindrances to the distribution of species. Ships, 
drifting ice with the boulders, erratic blocks or drift-wood 
transported by it, trees uprooted from the land, and the leaves 
and dust often carried to great distances by storms — all these 
serve from time to time and with more or less frequency for the 
transport of many kinds of animals. And since storms, winds, 
and currents, in spite of many variations in their courses, are 
still on the whole very constant, it necessarily follows that those 
animals which either do not come within their range, or which 
cannot bear transmission by such means, are excluded from dis- 
tribution by these agents. Elephants could never be conveyed 
to any distance on floating trees, as small snails can, or even 
such mammals as live among their branches; wingless land 
birds, like those of New Zealand and Madagascar, are incapable 
of migrating to any distance; but still, in these and all similar 
cases, currents serve as a means of separation only because the 
nature of the animals concerned forbids their availing them- 
8.4ves of them. Thus the action of winds and cui'rents is 
dependent on that of the animals or co-operates with it. 
Ev^en in cases where the currents appear to act quite indepen- 
dently, their influence is always dependent on other conditions 
which may be associated with them. Thus, for instance, many 
animals are extremely susceptible to variations of temperature ; 
consequently, if any warm- water animals are borne by a current 
from the region of warm seas into a cold one, they must in all 
probability perish very soon. Here, then, the cuiTents might 
have acted as promoting and aiding distribution, but this 
result was completely neutralised by the contemporaneous 
action of a diminution of warmth. In the same way very often 
some animal may be carried by the wind from one island to 
another without any favoiu-able issue ; for its establishment in 
the new locality depends, as we know, not merely on its safe 
arrival there, but also on the creature's finding in its new home 
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all the other conditions of life £etvonrable for its liying and re- 
proilucing its kind. 

Ciiri-ents themselves must no less have a dividing ac- 
tion in some cases. It is well known that all floating ob- 
jects, such as diift-wood, leaves, trees, &c., gradually drift to 
the edge of the stream, even though they may have fallen into 
the miildle of it. Every navigator is familiar with the pheno- 
mena resulting from this, and knows that the western and 
eastern limits of the Gulf-stream are both indicated by a broad 
1>;uk1 of accumulated sea- weed, wood, leaves, and other objects. 
Thin tendency of the current to clear itself — or dean itself— ^is 
stronger in proportion to its rapidity and strength. Hence, 
objects toi-n by a stream flowing between two islands from the 
one lying to the lefb of it, could be borne to that on the right 
side only under specially favouring circumstances j and vice versd^ 
those bi-onght from the right could never, or very rarely, be 
carric^d to the opposite side. Thus a mixture of the faunas of the 
two isLands might be hindered, or at any rate rendered extremely 
dilficult, simply by the action of the current flowing between 
them. Only those free-swimming animals which might be 
able to overcome the mechanical resistance of the current to 
which they would be exposed in their attempt to cross it> would 
bo in a position to escape its influence. That this action of the 
ciiiTent is theoretically inevitable cannot be disputed; still, 
tlie question may of course be raised as to whether actually it 
often comes into play. 

Certain phenomena attending the distribution or migration 
of animals do in fact leave no room for doubt that this dividing 
action may often be detected, above all in marine currents. "Wo 
have already met with a few examples in previous sectioim. 
When we were considering the striking circumstance that the 
islands lying close to Africa have a quite diflerent fauna from 
that of the neighbouring continent, we mentioned this as a factor ; 
for that fact was intelligible only on these grounds, and we 
pointed out, on the one hand, that the stream flowing from 
Europe, on the north, was, from the course it takes, able to in- 
troduce a quantity of European forms into these islands, while^ 
on the other any species of animals carried off from the AfrS^^Ti 
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nliore must be deprived of every chance of reaching these islands, 
since a dividing current flowed between them. 1 have further 
remarked above, how sharp a contmst is defined between the 
marine fauna east and west of the meridian of the Cape of Grood 
Hope ; to the east, the animals of the Indian Ocean brought 
down by the Mozambique current, and a multitude of beautiful 
forms are abundant ; to the west, there is the greatest poverty 
of animal life and a quite difierent set of species. No mixture 
of the two occurs, as it would seem ; and this is confirmed by the 
statement — never, so far as I know, contradicted — that the whale 
of the Atlantic never crosses the meridian of the Cape, although 
it is certainly one of the strongest swimmers of the deep. I 
have before shown how difficult it must be for the larger land 
molluscs to cross arms of the sea, and this is visible even on a small 
scale. To the north of Luzon lies a small group of islands 
known as the Babuyanes. Their land-snails belong on the whole 
to the groups typical of the Philippines; true GochlostylcR 
for the most part, but quite different on the eastern and western 
islands. Species occur on the latter which bear a remarkable 
resemblance to those of the west coast of Luzon or are quite iden- 
tical, while on the former only such are found as are especially 
characteristic of the eastern side of that island. This may in 
part result from the fact that the vegetation of the eastern and 
western Babuyanes seems to be tolerably dissimilar, but this 
would not remove the influence of the currents flowing from 
the east and west of Luzon — an influence which is plainly 
discernible — it would only make it indirect. For on Luzon, too, 
the same difference is perceptible in the vegetation of the eastern 
and western portions j in the east, forests without limit 3 in the 
west, cultivated land and pasture. It would be easy to cite a 
great number of similar cases in which the dividing action of 
marine currents would be more or less discernible, but it must 
suffice here to discuss in detail another of the more interesting 
examples. 

The difference between the fauna of the islands of the 
Malayan province and that of New Guinea and New Holland 
long since attracted the attention of naturalists. Schmarda 
defined the Australian region as in direct contrast to the Indian. 
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Certainly he includes in the Indian the Sunda islands, which 
Wallace, who first attempted to explain this contrast, placed in 
the Australian region. The limit-line, which, according to 
Wallace, sharply divides these two regions, runs between the 
two islands of Bali and Lombok, close as these two lie to each 
other. He reckons the fauna of Bali with that of Java, while 
that of Lombok is said to be completely different, and to belong 
to the Moluccas. From thence the limit between these two 
provinces runs somewhat to the north-east, between Borneo, 
which still belongs to the Indian, and Celebes ; it then turns 
abruptly to the east ; thus all the Philippine islands are thrown 
into the Indian region, while a few of the smaller groups, form- 
ing a connection between Mindanao and Gilolo and New 
Guinea, lie south of this limit-line and are thus included in the 
great Australian region. The line thus laid down has been 
designated as Wallace's line, in honour of its founder. 

It cannot be disputed that this line seems, in fact, a very 
natural one, if only the birds and mammalia are taken into con- 
sideration and the insects not brought into the comparison. In 
the Australian region the Marsupials, birds of Paradise, Mono- 
tremata, lyre-birds, cockatoos, cassowaries, and the very peculiar 
Trichoglossidae ; in the Indian region, on the other hand, the 
apes, lemurs and tiying squirrels, Gahopithemis, and many other 
Mammalia which are absent from the Australian region. Among 
birds, the Argus pheasant, the peacock and Euplocam/aSy the 
various pigeons, and of parrots the Loriculus and Pcdoiornis, 
with many others, never occur in the Australian region. 
We must not, however, leave out of the question the fact that 
many of these forms, or of others equally characteristic, not 
rai-ely pass across into the neighbouring region, where the two 
come into contact. Wallace himself points this out. But the 
contrast is much less sharply defined in the Reptiles, Amphibia, 
and even the Insects ; thus Pascoe, who has the most perfect 
knowledge of the Coleoptera of the eastern hemisphere, says 
that, as regards its beetles, New Guinea most positively belongs 
to the Indian region, and that they are quite clearly distinct 
from the Coleoptera of New Holland. Hence the conti-ast indi- 
cated is not absolute throughout, and Wallace himself, iu hia 
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book on the geographical distribution of animals, repeatedly 
points out that many species encroach on the limits of the 
neighbouring province in a very singular and incomprehensible 
manner ; and he justly infers that there must be some peculiar 
means of dispersal as yet unknown to us, by which these species 
are enabled to overstep the limits apparently assigned to them 
by nature. Moreover, he speaks of the fauna of the island of 
Celebes, included in the Australian region, as exhibiting so i-e- 
markable a mixtui-e of animal types that it might just as well 
be included in the Indian region. But irrespective of these 
forms, which prove that Wallace's line does not indicate an im- 
passable frontier, there yet remains so vast a number of ex- 
tremely different species, peculiar to each of these regions and 
belonging exclusively to one, that the sharp distinction so long 
recognised between them appears fully justified. 

The question now is whether this distinctive contrast can 
be explained, and more particularly how it happens that two 
islands lying so close to each other as Bali and Lombok should 
by Wallace's line be placed in two different regions of animal 
distribution. Wallace himself — who, so far as I know, was 
the first to attempt to explain this phenomenon — does so as 
follows : — 

He assumes that at some former period the Indian continent 
and the Indian islands as far as Java, Borneo, and the Philip- 
pines, were connected ; and that, in the same way, Australia 
with New Guinea, the Moluccas, and Celebes, were in connec- 
tion, and that only the group of islands from Timor as far as 
Lombok were perhaps excluded. This last must probably have 
been divided from Java by a deep sea ; and it was not till a later 
period that Bali by the side of Java and, the smaller islands 
as far as Lombok by the side of Timor, were raised from the 
bed of the sea* The differences of the fauna which nevertheless 
occur on the individual islands of each region he endeavoui-s to 
account for by their separation at different periods from the 
Indian or Australian continents. 

Now, it certainly cannot be disputed that very many circum- 
stances in the distribution of the land animals on these islands 
argue in favour of this view ; thus, for instance, the fact, un- 
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known to Wallace bub discovered by myself, that at a former 
period an elephant ^^^ was found on Mindanao, the most 
southerly of the Philipj)ines, can scarcely be explained except by 
the supposition that a direct connection existed between this 
island and the Indian continent, or an indirect one by a junction 
with the larger Malayan islands. For any transportation of 
this species, which is very nearly allied to the dwarf vai-iety of 
] ndian elephant, by a passage across the sea is not to be thought 
of. Nevertheless, I balieve that this hypothetical connection of 
the islands and mainland is not sufficient by itself to explain 
even those facts that are already known to us as to the distribu- 
tion of Indian and Australian forms on the islands lying between 
the two continents. Even Wallace himself falls back on a 
number of other causes, and in order not to abandon his general 
principle he suggests a hypothetical history of upheavals and 
subsidences, so numerous and various in the different islands 
that, in the total absence of all geological proof of them, we feel 
ourselves gradually withdrawn from the terra firma of justifi- 
able speculation and floating in the clouds. It seems to me 
that there is a very general predilection for too readily construct- 
ing sunken continents. Whenever any extensive resemblance 
between the faunas of two distant countries is discovered, or 
even imagined, a bridge of mainland is always freely brought in 
as the only mode of accounting for this resemblance. No doubt 
it is the most convenient of instruments, and all the more easy 
to work with, Le, to use as evidence for a theory, because it is 
absolutely impossible to prove the fallacy of the hypothesis by 
the method of observation, the only way open to the natu- 
ralist. 

But until the question is finally settled whether two parallel 
series of animal development might not have proceeded inde- 
pendently in two countries remote from each other, we can 
never venture to regard the resemblance of two faunas as con- 
clusive evidence of their primaeval actual connection; nay, it 
even seems to me that the two historical series of species of the 
horse, recently discovered both in Europe and America, may on 
the contrary be regarded almost as a proof that each series was 
developed independently in the two continents and yet led to 
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the same result : namely, the production of the horse. How- 
ever, I leave this an open question ; thus much only I think 
may be insisted on : that in such speculations this possibility 
should never be lost sight of, and, at the same time, that all the 
different causes which may have had a share in influencing the 
distributicm of animals must be fairly investigated and weighed 
before it is possible to set up any one special method of explana- 
tion as the only correct one to the exclusion of all others. 

At any rate it is perfectly certain that winds and marine 
currents sometimes promote and sometimes hinder the diffusion 
of species, both directly and indirectly. One species may be able 
to cross a pretty strong current at a sharp angle, while another 
may be prevented by a feeble wind or current from reaching an 
island lying very near ; certain kinds of seeds can only l>e trans- 
ported by the wind, others again only by the sea ; whore, on an 
island or a group, some paiiiicular plant is absent because its 
seeds could not reach it, there of course the animals also will be 
absent which depend on it for food and are monophagous. The 
relations thus occasioned between the faunas of islands in two 
contiguous regions, such as the Indian and Australian, are of 
course extraordinarily various, complicated and difficult to in- 
vestigate ; but this does not justify us in neglecting them. It 
may be more convenient to argue from upheavals and sub- 
sidences which may be imagined in any required number, or 
from hypothetical intervening continents whose former existence 
can be neither proved nor disproved ; but the easiest method is 
certainly not always the most accurate — I may almost assert 
that it hardly ever is. But in this particular case it does not 
appear to me to be so exceptionally difficult to detect the rela- 
tive conditions if we do not wilfully shut our eyes to them. 

If we now reflect more particularly on what has been said 
here and in a former chapter as to the mode of action of cur- 
rents, the view is irresistibly forced upon us that it is possible 
that the differences here pointed out in the distribution of 
animals may, without exception, be explained by their agency 
without assuming any former material connection between the 
islands and the nearest continents. Granting that the larger 
number of the Malayan islands and of those in the vicinity of 
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New Guinea did not rise from the sea until quite recent times, 
still the colonising of the islands from the neighbouring con- 
tinents might have taken place in such a way as to involve a 
distribution such as is actually presented to us there. All the 
larger Mammalia, being incapable of overcoming the strong cur- 
rents prevalent there, would have been excluded from immigra- 
tion into the newly formed islands ; only the smaller species, 
that cling to trees, could have been carried across seas by 
those currents; and it agrees with this that we find all the 
Marsupials out of Australia, as in New Guinea, the Moluccas, 
and Celebes, belonging exclusively to the climbing genera. And 
that these should not have succeeded in crossing Wallace's 
limit-line is the inevitable and very intelligible result of the 
tendency of cuixents to * clean themselves,' as before described. 
This tendency results from the circumstance that such a cuiTcnt 
is always a little higher in the middle than at the sides. Hence 
objects floated off by the right margin of a current flowing 
through the straits of Timor or Celebes, or between Bali and 
Lombok, could reach the left shore only under some specially 
favourable circumstances ; they would usually remain on the 
same side, particularly when they were passively borne along, 
as would be the case with uprooted trees and so forth. In 
looking at a map on which the currents in question are laid 
down, it is at once seen that the currents flowing from Australia 
and the southern part of New Guinea are suddenly diverted 
from their slightly westerly or quite northerly direction to a 
north-easterly or quite easterly flow, exactly by the very island 
— namely Celebes — where the mixture of Indian and Austra- 
lian forms is most conspicuous. Land animals — such as land- 
snails — of which the transportation can only be effected by cur- 
rents must have been subject to the same influence, and it is 
therefore quite intelligible when we find that two islands lying 
so close together as Bali and Lombok exhibit less similarity 
than, for instance, Celebes and Java ; for the cuiTent that parts 
those two little islands is so strong that it must be quite impos- 
sible for molluscs, or other creatures that avail themselves of 
drifting trees for their voyages, ever to pass from one island to 
the other. On the contrary they might, under certain circum- 
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stances, easily cross the boundary originally set to their passage 
by the current on the longer voyage to Celebes ; very easily, 
indeed, when, by slight variations in the strength or direction of 
the monsoons and in the surface currents caused by them, a 
temporary change was produced in the direction of the normal 
current flowing between Celebes and Borneo — known as Wallace's 
current — which is merged in the return current of the Pacific 
Ocean. All those animals, on the other hand, which might 
have other means of transport at their command, would be ren- 
dered independent of the agency of this current, whether in 
separating or in mingling the faunas ; but of course only so 
far as they were not monophagous, and thus absolutely depen- 
dent for food on certain plants of which, again, the extension of 
range was subject to the action of the said current. In purau- 
ance of this mode of viewing the matter we should then have 
to inquire whether those insects and birds which appear to have 
migrated from the Indian region to the Australian, and vice 
versd, may not be polyphagous and easily satisfied with various 
kinds of food ; and, on the other hand, whether, as an inevitable 
corollary, those forms which are confined to particular islands 
or districts may not be monophagous or dependent on certain 
forms of food whose extension of range from one island or 
region to another is prevented by the agencies under considera- 
tion. 

This, however, is not the place for pursuing this inquiry in 
detail, nor do we as yet possess suflScient materials for it in the 
form of well-confirmed observations. But so long as the 
general observations we do possess allow of no positive conclu- 
sions, we are, on the other hand, nob justified in rejecting any 
possibility as erroneous, and consequently Wallace's hypo- 
thesis must for the present remain open to discussion ; the 
arguments here laid down in opposition to it are so too, in the 
same degi*ee and for the same reason, and it must be left to the 
future to decide between them. Still, I am of opinion that the 
hypothesis I have put forward may claim the advantage of ap- 
pealing for proof only to such elements as can be brought 
under direct observation, while Wallace's is intrinsically in- 
capable of demonsti*ation by observation. 
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It follows from all this — as it seems to me — ^that the action 
of marine currents, as means of separation and amalgamation in 
the distribution of organic life, must be made to bear a larger 
part than it has hitherto done, in inquiries as to the origin 
of the present fauna of the globe from those of former periods. 
For if we conceive of this course of development as a mechanical 
process and make it our purpose to trace those determining 
causes which have been merely mechanically operative, this can 
never be done by propounding a more (ft less plausible hypo- 
thesis, but only by methodical investigation ; nay, only by the 
method of modem pliysiology — ^as much by a due reference to 
all the factors together which must be taken into consideration, 
as by successively identifying the influence which each of them, 
separately, may or must have had. 



CHAPTER X. 

A FEW REMAEKS AS TO THE INFLUENCE OF OTHEE CONDITIONS 

OF EXISTENCE. 

Besides those external conditions of animal life which I have 
treated of in the foregoing chapters, there are others of which 
the effects in certain cases may be of much greater consequence ; 
which may indeed not unfrequently neutralise the effects of 
apparently more important ones, while they may nevertheless 
at present escape any close investigation. Such, for instance, 
are the effects of gravitation or pressure, of electricity, of the 
aggregate condition of the surrounding medium, and many 
others. They are often apparently insignificant as compared 
with temperature, light, nutriment, &c., not because they are of 
themselves unimportant, but only because we know much less 
of their normal effects on the life and growth of animals than 
of the conditions we have hitherto been discussing. Their 
action almost entirely eludes those methods of research that I 
have hitheiijo employed and which alone I acknowledge as the 
right ones ; consequently in the following brief discussion of 
these points I find myself wholly thrown back on hj^thetical 
interpretations of such observations as have been incidentally 
made. Nay, the number of these observations is in itself so 
small, that in many cases they do not even suffice as a basis for 
such an hypothesis ; and finally it must be acknowledged that 
sometimes the interpretation hitherto offei'ed of certain facts 
has been founded on groas errors which, however, are widely 
diffused and, as it would seem, almost ineradicable. 

The effects of gravitation and pressure. — The selective 
influence of gravitation and its bearings on the organisation of 
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animals aro in many cases very conspicuous and intelligible. 
Thus, for instance, it is perfectly evident, and has long been 
acknowledged, that by it a certain standard is fixed for the bulk 
of the animal's body which cannot be exceeded without en 
dangeriiig the life of the individual. If, for instance, we grant 
that the structure and specific gravity of any animal are factors 
bearing a relation to each other that does not allow of any con- 
siderable variation, and also admit the possibility of its growing 
beyond the normal standard of size, the animal would finally 
be so large that it could not move its own weight, since its 
gravity must incH'ease in geometrical progression. Of course the 
maximum of height or length attainable by particular animals 
varies with their organisation, and hence must difier in different 
groups of animals. Birds are the most remarkable in this par- 
ticular; in them the standard of bulk generally attainable 
would be remarkably small with a specific gravity the same 
as that of mammals, and their life in the air. But there 
ai'e in their organisation certain adaptations which make the 
maximum bulk they actually attain tolerably high ; these are 
the pneumatic bones and the air-cavities between the muscles 
and in the body, which are sometimes extensively developed, 
particularly in the strongest flyers, as for instance the Albatross. 
By these the bird is enabled to attain a volume of which the 
weight could not long be carried by the most powerful flyer if it 
corresponded to that which any quadruped of the same size 
would have to move. A very interesting illustration of this 
peculiarity is afforded by one of Professor Marsh's latest dis- 
coveries in America. The wonderfully rich deposits of fossil 
remains in the Bocky Mountains have yielded to his search 
a Beptile which, according to careful estimates, from a restora- 
tion of its hind limbs, must have attained a height of at least 
eighty feet. 

According to the calculation made by a mathematician — a 
friend of Professor Marsh's — this creatiu'e would in that case 
actually have exceeded the maximum size it could have con- 
trolled, under the supposition that in general organisation, and 
therefoi-e in the specific gravity of its body and bones, it 
exhibited no deviation from that of the largest reptiles now 
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living, the crocodiles. But in point of fact the specific gravity 
of its bones was less, for they are traversed by very large 
cavities which, Professor Marsh says, have all the appearance of 
having been air-cavities, and after careful investigation he does 
not hesitate' to pronounce them decidedly to be such. I, in 
company with him, examined these bones, though not, I must 
admit, at any great length, and I confess that from their struc- 
ture alone it did not seem to me possible to prove that this 
reptile had actually had pneumatic bones like those of birds. 
It is, however, possible that the calculation, which must have 
been intrinsically one of great difficulty, may have been erro- 
neous, and in that case, in my opinion, the most weighty argu- 
ment for Professor Marsh's view would disappear. But if in 
fact his friend's calculation as to the maximum size of a reptile 
having the specific gravity of the crocodile is correct, I believe 
also that the large cavities which undoubtedly exist in the 
bones of that fossil creature can have been nothing else than 
air-cavities, whose function it was to render the animal light 
enough for it to carry the still considerable weight inseparable 
from such an enormous mass. 

The media in which animals live also exert a certain pressure 
depending on their mass and specific gravity, and it is easy 
therefore to imagine that all creatures which either fly in the 
air, swim in water, or creep in mud, must be affected by the 
pressm-e of the superincumbent mass. This, of itself, is quite 
true ; but this true view has, even in quite recent times, often 
led to perfectly false issues. The most striking instance of 
this perverted application of a true idea is offered in the case 
of animals living at great depths, in fresh as well as in salt 
water. It used formerly to be said, and the idea is not uncom- 
monly expressed even at the present day, that it was most won- 
derful that animals generally, and more particularly such deli- 
cate structures as Polypes, many Worms, Univalves, <fec., were 
capable of enduring the enormous pressui-e of the vast volume 
of water above them, amounting in ocexin depths to that of 
many atmospheres. But, put in this form, the idea is simply 
absurd; foi* the soft-bodied creatures living at the bottom of 
the sea are no more conscious of the pressure above them of a 



320 THE INFLUENCE OF INANIMATE SUKROUNDINGS. 

column of water, theoretically estimated as that of many atmo- 
spheres, than we human beings, in the normal condition of our 
bodies, are aware of the weight above us of one atmosphere ; 
and simply for this reason, because the pressure is equal on all 
sides, and because they are themselves permeated by fluids 
which, as is well known, are almost incapable of compression. 
The weight of a high column of water can never affect an 
animal at the bottom, excepting when the animal has cavities 
in its body which are filled either with a fluid of less density 
than the water, or with gases. In the latter case particularly, 
the effects are, as is well known, easy to observe, since gases are 
in a high degree compressible. Divers who plunge into great 
depths — as, for instance, the pearl-divers in the Indian seas — 
or, on the other hand, people who climb mountains to a great 
height, often suffer severely from the difference of pressure in 
the external atmosphere and the tension of the air in their 
lungs, or the pressure in the internal vessels : the divers 
because the increased pressure causes compression of the air in 
the lungs ; the climbers because, on the contrary, the heavier 
air in the lungs tends to expand under the reduced atmospheric 
pressure at a great height. When a man has accustomed 
himself to the lighter atmosphere of high mountains — t.c. to the 
smaller pressure — he frequently finds it more healthy and agree- 
able than that of the plain, or at least equally so. Birds, which 
often come down to the plain from the giddiest heights with 
extreme rapidity, must evidently be capable of accommodating 
themselves much more promptly than man to the alteration of 
pressure, since not their lungs merely but their pneumatic bones 
and all the other air-cavities of the body are filled with air. 

On the other hand, there are animals which have cavities 
filled with gases in their body, but which are not capable of 
effecting a change from the compression which must be the 
condition of such gases at considerable depths, so rapidly as 
birds nor even as man ; not so rapidly indeed as quick alterna- 
tions in the external pressure would require. This is the case 
with fishes provided with a swimming-bladder. An interesting 
instance is afforded by the little fish of the Lake of Constance 
known as the Kilch. These fish, allied to the Trout family. 
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aro a favourite article of food. They ai^e caught in nets and 
"brought to tho surface of the water ; they come up invariahly 
with the belly much diatended ; the air in the swimming-blad- 
der, being relieved from the pressure of the column of water, 
has expanded greatly and occasioned this unnatural distension, 
which renders the fish quite incapable of swimmiug. Under 
these conditions the fish is naturally unable to live for any 
length of time. But the fishermen of the lake have a very 
simple remedy ; they prick into the air-bladder with a fine 
needle ; the air escapes with some force, the diBt«nsion subsides, 
and the fijbea are enabled to live under totally changed condi- 
tions as to pressure, even la quite shallow water and at the 
surface, swimuung quite as freely as their companious, the 




natives of the surfcce water. Heace the Kilch is confined to 
a certain depth, because it is not capable of accommodating the 
tension of its swiniming-biadder to the change of pressure in 
the column of superincumbent water. Since, moreover, in the 
Eilch the pressure from, within outwards is the saime as the ex- 
ternal pressure, or must at any rate be very nearly the same, 
the mechanical problem stated above has no existence for this 
fish, nor for any other creatures living imder tho same condi- 
tions. It can arise, in feet, only in those uncommon cases — such 
as woold seem to he offered, for instance, by the whale — where 
an animal furnished with internal air-cavities plunges from the 
surface of the sea down to considerable depths and i 
there for some length of time ; in these it is evident that si 
15 
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contrivauces must exist which neutralise the ill effects of the 
compression of the contained air — which must undoubtedly take 
place. 

lu the instances here adduced, and in other similar ones, of 
the Eiction of gravitation on animals, the effects are obviously 
merely selective ; all the individuals which are not qualified to 
accommodate themselves to the actual conditions of pressure must 
perish or seek a more suitable habitat. But gravitation may 
perhaps have also a direct determining action, perhaps in a 
mode analogous to that by which the growth of the roots of 
plants, or the structure of the underside of leaves, and other 
things may directly depend on gravitation. The theoretical 
possibility of this influence is beyond dispute ; but we know 
very little of its actual effects and extent. Nor can there be 
any doubt that animals, in consequence of their greater freedom 
of movement, are in a great degree independent of it; and any 
extensive influence of this kind, such as is undoubtedly mani- 
fested in plants, must be out of the question, except as regards 
sedentary animals, such as corals, sponges, bryozoa, &c. How 
fir, in such creatures as these, gravitation may have an effect in 
determining the general form of the colony, or of the individual 
animals and their organs, is perfectly unknown, and it is diflfi- 
cult to see by what means it would be possible to ascertain 
experimentally the effects of gravity upon such animals. Por 
all those contrivances which have been successfully employed 
on plants, to allow gravitation to exert a perfectly independent 
influence on their growth, cannot be applied to animals, and, 
so far as can be seen, we can only fall back on the interpre- 
tation of those experiments which Nature herself peiforms on 
growing animals under the normal conditions of their existence. 
It is evident that we can thus only ai'rive at more or less bold 
or plausible hypotheses ; for the fact cannot be too often insisted 
on that experiment alone can ever enable us to explain the 
causes lying at the root of any particular phenomenon in the 
development of an animal. All theories deduced only from the 
visible phenomena without the counter-check of experiment 
are mere clever suggestions, which only serve to conceal our 
ignorance, and in fact hinder any advance. Thus, for instance, 
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it has been asserted that gravitation has an influence in deter- 
mining the direction of the growth of the embryo in Mammalia. 
But it seems to have been forgotten that in most cases of 
viviparous animals the position of the embryo in the uterus is 
by no means constant, but alters in many ways during its deve- 
lopment. If, in fact, gravitation were here of so much impor- 
tance as has frequently been assumed, scarcely any normally 
developed animals would be bom ; for we know, from the re- 
markably complete experiments of Marcel de Serres, that such 
embryos as normally assume a position of equilibrium for their 
development in the ovum — as, for instance, those of birds — are 
invariably deformed in the most irregular manner, if they are 
constantly moved into other positions and so the original equili- 
brium is disturbed. In the ova of many invertebrate creatures 
the developing embryo floats in a siurrounding fluid ; so that 
under any inversion of the whole ovary or cluster of eggs all 
the embryos recover the same position, since the centre of 
gravity, lying out of the centre of the body, always sinks to the 
bottom. In such cases as these gravitation evidently acts to 
prevent any distiu-bance of the equilibrium; but it is very 
questionable whether at the same time any effect is thus pro- 
duced on the process of development of the embryo itself within 
the egg. That the limbs — as our arms and legs — are subject to 
the conditions of gravitation allows of no doubt, and its effects 
may very possibly tell on the same parts of the body in the de- 
veloping embryo while still in the uterus. But how far this 
influence, which, no doubt, actually exists, may contribute to 
determine the normal formation of animals and their organs, is 
perfectly unknown, and cannot be ascertained by any merely 
theoretical discussion. 

Darwin adduces many instances which prove that even the 
bones of the skull may be modified by gravity, or by pressure 
in whatever manner exerted. Bums and repeated convulsions 
in certain muscles have been known to affect the form of the 
bones of the face ; the same effects have been produced when 
human beings during youth have been forced to keep the head 
constantly in a fixed position ; it is supposed that in certain 
persons — ^for instance in shoemakers — who are obliged to keep 
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their head bent down for many hours together, the forehead 
acquires a prominent development of the frontal bones. Darwin 
has shown, moreover, that the forward lop of one ear of the 
long-eared rabbit induces a corresponding forward growth of 
almost every bone of the skull on the same side, so that it is 
perfectly asymmetrical. Nay, even the growing brain appears 
to exercise a decided influence by the pressure it exerts on the 
shape of the surrounding bones. But in all these, and many 
other cases which might be enumerated, the only fact ascertained 
with any certainty is that the growing parts themselves, as well 
as other organs connected with them, may be modified by pres- 
sure and by their own weight; no determined standard for 
estimating this influence is in any instance fixed, and we learn 
from them absolutely nothing as to how far this influence may 
be eflficient in determining the production of the normal types 
in animals now living. So far as I know, as yet only a few 
attempts have been made to refer the normal form of the skulls 
of vertebrate animals to the efiects of such constant pressure ; 
the most important of these are certainly those of Lucae in his 
researches as to the skulls of mammalia, and those of Gudden in 
his investigations as to the growth of the skull of the rabbit. 
Lucae, however, altogether disregards any experimental treat- 
ment of the question ; and what we learn from Gudden, valuable 
as it may be to physicians, physiologists, and anthropologists, 
is of no present value as affording any methodical standard for 
our inquiry. 

The influence of solid bodies. — The aggregate condition of 
solid bodies must decidedly have a certain influence on the 
animals whose life is passed in digging or boring into them. 
The highly sensitive nose of the mole, for instance, must certainly 
exhibit a quite different structure from that of the prairie-dog, 
or Dipus, which uses it, as I myself have seen in tame indivi- 
duals, to beat the earth down firmly in its dwelling. The 
various and extremely dissimilar structures which occur as 
organs for burrowing in both vertebrate and invertebrate 
animals, are so perfect in their adaptation to their function that 
from the structure of the legs, which are the limbs most com- 
monly employed for this purpose, it is easy to infer the mode of 
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using them ; nay, the whole form of the body may be thus 
determined, as in the turnspit, a dog with a propensity for 
digging, or in the cylindrical form of the boring beetles of the 
genus Bostrychua, It is clear that these adaptations of the 
organisation of certain animals to the resistance offered by the 
conditions under which they live must be a powerful means of 
selection by which all the individuals which are not strong 
enough to overcome the obstacles opposed to them must bo 
eliminated. And since any variation in the aggregate condi • 
tions of the soi\ wood, or stone, in which such creatures live, 
must be either very insignificant or perhaps wholly absent, 
the point of ' stable equilibrium ' must soon be reached between 
the strength of the digging organs on one side and that of the 
obstacle to be overcome on the other ; the variations which easily 
may occur in other surrounding conditions — as in the tempeiu- 
ture, moisture of the atmosphere, salt constituents of the water, 
nutriment, <kc. — can in such cases but very rarely be eflScient 
causes in effecting any modification in animals exposed to the 
former influence. Nevertheless, such modifications of the 
organs of many animals as were dependent on the aggregate 
conditions of solid bodies must have occurred in the course of 
their phyletic or generic development ; for, if we are to suppose 
that boring or burrowing animals descended originally from 
such as did not bore or burrow, in the process of modifying the 
organs adapted for motion above ground into such as were 
fitted for subterranean progress, organs which were oiiginally 
destined and contrived for walking, running, or swimming, must 
have abandoned these functions to assume new ones, and thus 
have been so far modified in structure that they could be used 
in the best way for the purpose. But we know nothing as to 
how such alterations in the habits of certain animals — ui^ed 
by some inward prompting — may have been able to occasion 
these modifications in the structural characters of the organs in 
question. It is well known that a determined mode of motion, 
or on the other hand the strength of the obstacle to be con- 
quered, may have a certain effect on the strength of the muscles 
called into play, and, through them, on the power of resistance 
in the fulcrum joints of the bones, and ultimately on the 
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structure of tho pkeleton. But between a merely mechanical 
modification of a bone during the lifetime of an individual and 
the difforentiivtion which the leg of some primteval mammal 
must luive undergone before it could have given rise to sucli a 
strikingly peculiar limb iia the foot of the mole, there lies h 
great gulf which no expeiience hitherto attainable enables 
us to bridge over. The most we can say is this : That, beyond 
a doubt, some cause unknown to us must exist — or must haye 




existed — in the nature of different nnimals, which hasoccasioned 
them sometimes to abandon their original habita or to alter 
them. 




The two woodcuts here given illustrate a very striking case 
in point. It has long been known that a small Crustacean, 
Lij.tnoria lerebratts, attacks the hardest kinds of wood — like the 
well-known ship-worm, Teredo navalis — and pierces ifc in all 
directions with its eylitidiical galleries (see fig. 83). But it is 
perhaps less well known that the same species attacks solid 
limestone in the same manner. The stone of which the an- 
nexed cut shows a small portion (see fig. 84) 1 myself picked op 



ACCOMMODATION TO PllESSURE. 327 

in Ireland, one of thousands, both larger and smaller, which 
were pierced in the same way by myriads of these small boring 
animals. Unfortunately it was impossible to examine the 
animal very minutely at the time, and I could only ascertain 
that it certainly was the Limnoria, so familiar to me on the shores 
of Heligoland and elsewhere, which in Ireland had not disdained 
the hardest limestone. Yery likely closer investigation might 
reveal certain differences in the different individuals of the same 
species boring in wood and in stone, as to the structure of the 
organs used in boring, and which might show an evident relation 
between those organs and the hardness of the substance bored 
into. It is known, too, that certain sj>ecies of sea-urchin some- 
times bore into very hard rocks, while in other places they do 
not. In other instances the form of the animal shows the 
direct effects of contact with solid bodies; this is the case 
with many sedentary animals or those enclosed in a solid shell. 
Many oysters, and such shell-fish as establish themselves on 
rocks or wood or in fissures, frequently adapt their shells very 
exactly to their position, and the form thus given to them might 
easily become constant, and even a fixed specific character, if a 
similar position were adopted by all the individuals of the species. 
But here again, we do rot know how far the determining 
influence of the solid object, which in some measure moulds the 
shell, may extend, for no experiments* exist which can conclu- 
sively prove that in such cases the moulding power of the posi- 
tion has been exclusively effective with no assistance from 
inheritance, and we therefore are not in a position to assert 
that this explanation of the observed cases, though in itself 
extremely plausible, is in every respect the right one. In order 
to verify this usual and apparently correct interpretation of 
these forms of shells, it would be necessary to prove by experi- 
ment that species which had hitherto lived in some particular 
situation lost the form thus impressed on their shells as soon as 
their young were compelled to establish themselves in a position 
different in character ; and, yet moi*e, that they could be made 
regularly to assume quite different shapes according to the 
differences in their new habitat. Experiments of this kind that 
have been made with oysters undoubtedly prove that a certain 



328 THE INFLUENCE OF INANIMATE SUBBOUNDINOS. 

and somewhat extensive influence is exerted upon them by the 
conditions of their position. Nevertheless, they yield no satis- 
factory conclusion as to the amount of these mechanical effects, 
though their existence cannot be disputed. 

And we are still worse off with i-egard to other influerces, 
which certainly exist, although they remain up to the pre- 
sent time perfectly unintelligible to us. Thus it can hardly 
\ye doubted that the electric tension of the atmosphere or of 
terrestrial magnetism must have some effect on animals, and 
attempts have not been wanting to refer certain phenomena of 
animal life to these causes. Thus, for instance, at one time the 
view was put forward that migratory birds directed their flight 
towards the magnetic poles in the Old and New World ; an 
opinion which certainly seems to have been based on the tempt- 
ing but usually misleading principle of Post hoc, ergo propter hoc. 
We may, however, congratulate ourselves that the latest and 
most thorough work on the migration of birds — that of Palm^n 
— sets aside this mysterious power of the magnetic poles as 
purely fabulous. Even with regard to the effects of atmospheric 
electricity, we may surmise their existence, but cannot grasp 
it, and remain unable to come to any decision ; that the dis- 
charge of electricity in the form of lightning can occasion death 
is all that is certain. But this, of course, is of no great impor- 
tance, as it never can be a factor in the origination of a new 
species or the extirpation of an old one ; with regard to such 
results as these, only the feeble electric tension of the atmosphere 
need be taken into consideration — and this probably is not even 
perceptible to most animals — since that alone is capable of 
exerting any constant influence. Tjately, and particularly in 
France, naturalists have begun to investigate the effects of 
electric currents on animals and on their development, and have 
already arrived at very remarkable results. Thus, Onimus 
found that the ova of frogs developed more rapidly at the nega- 
tive pole of a constant current than at the positive polo; 
Wagner supposes that he has observed an effect of electricity 
in altering the colours and the form of the wings of butterflies. 
These and the observations of Pigeon, Chauvaau, and others 
do not, however, at present, allow of our applying them to 
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the question of immediate interest to ns here ; for our pur- 
pose it must first be proved, or at any rate shown to be proba- 
ble, that electricity generally may exert a determining and 
ascertainable influence on the normal growth of animals, and 
this has not been done by any experiments hitherto made. 
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SECTION III. 

THE INFLUENCE OF LIVING SURROUNDINGS. 



CHAPTER XI. 

THE TRANSFORMING INFLUENCE OF LIVING ORGANISMS ON 

ANIMALS. 

Introductory Bemarks. — It is self-evident that all animals, 
without exception, are to a certain degree simultaneously depen- 
dent on various other animals as well as on plants ; for even 
such species as appear to depend for their nourishment exclu- 
sively on a particular kind of vegetable food also come under 
the indirect influence of other organisms, often of a great num- 
ber, by reason of that very limitation. Examples of snch 
highly complicated relations and interdependence are familiar 
to all, and this relieves me from the necessity of repeating here 
all that has been said so often and with so much emphasis by 
Darwin and others on this part of my subject. 

Occasionally alterations taking place in these complicated 
relations may even lead — as is actually known — to the destruc- 
tion of a species. For instance, if the food-plant supplying a 
strictly monophagous animal is by any circumstance extirpated, 
that species must inevitably die out. When plants on which 
any species of animal is dependent for food are affected and 
modified by any accidental variation that may occur in the 
temperature, the moisture of the air, or the nutrition they 
derive from the soil, the animals living on these plants will 



EECIPfiOCAL INFLUEKCES. 331 

necessarily be sensible of the changes and possibly peiish in con- 
sequence. Again, if certain insects whose function it is to 
fertilise cei-tain plants die out, othei-s living as parasites on 
those plants would necessarily suffer in a variety of ways. A 
few species, being wholly monophagous, would perish com- 
pletely ; polyphagous species, as it would seem, might be able 
to adapt themselves, without suffering in the least, to a changed 
form of nourishment and mode of life ; others again, if they were 
not extirpated, would probably find themselves affected in some 
way or other by the change of food, and the effects might very 
likely exhibit themselves by a certain modification in the struc- 
ture of their organs. We have mentioned some cases of this 
kind in the chapter on Food ; it will therefore be superfluous to 
dwell on them here, and all the more so as I have dealt with 
food as one of the inanimate conditions of existence. 

But the I'eciprocal action of Jiving oiganisms gives rise to 
yet other modifications which can be in no way connected with 
those occasioned by nutrition, even though this may be derived 
from the organic kingdom. Thus, for instance, there are highly 
intimate relations between the different individuals of the same 
species and between the two sexes of a species ; many animals 
are directly dependent upon others, although not using them in 
any way as food ; to these belong the commensals or messmates, 
which do not feed on their host or on its organs, although they 
make use of them as a means of procui'ing the food that suits 
them. 

As a rule the species thus thrown into juxtaposition are 
reciprocally dependent on each other. If a parasite only 
destroys the internal germ- gland of its host — as is not unfre- 
quently the case with parasitic worms and crustaceans — the 
host will not be rendered incapable of living, but only of propa- 
gating its species. Thus I have never yet heard of the hermit- 
crab, Pagurus, being found infested with parasitic Cirrhipedia of 
the genus Peltogaster and at the same time carrying eggs on its 
hind feet ; nevertheless, the crabs continue to grow, and are to all 
appearance healthy. In a similar manner the peculiar larvae of 
certain Trematode worms eat away the reproductive glands of 
pond-smd^s so completely that they are incapable either of fer- 
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tilising or depositing their eggs ; in spite of this they live just 
ns well as the individuals not attaA^ked hj parasites, and it may 
b'j infori-cd from the size of their shells that they live equally 
long.^'** 

Now, it certainly is a fact that the influence exerted by one 
living ci'eature over another is in most cases selective only. A 
transforming influence, on the other hand, occurs, and can occur, 
only when the two species come into direct bodily contact. But 




Fig. 85.— Part of the stem («•) of a hydroid Polyp, Campanula Ha, with closed pear-flbaped 
Kalld (6) within wliich lives tlie larva («) of a sea-spider, I*ifcnogonttm, 

even then a selective influence is the first to come into play. 
For example, if a certain species of hermit-crab were an equally 
good host for the larvae of all the parasitic Crustaceans which 
float or swim in the sea, it would in all probability soon be 
wholly exterminated ; consequently the continued existence of 
the parasites themselves depends not merely on their being able 
to attach themselves to a suitable host, but also on the selection 
which the host himself may be able to effect among the guests 
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to whom be offers a residence — though he cannot be said to 
invite them. 

The modifying influence of living organisms on living 
animals. — ^In a former chapter we have already become 
acquainted with a case coming into this category ; namely, the 
cysts* or galls formed on certain corals by the presence of 
crabs. In these cases the crabs do not seem to be particularly 
affected by their host, unless we are disposed to attiibute the 
flat shape of Hapahcarcinus or the cylindrical form of Litho- 
acaptus to the direct mechanical influence of their peculiar 
dwelling-places. The corals, on the contrary, eidbibit such great 
and peculiar deviations from their normal growth that the 
effects of the parasites on their host are plainly perceptible, 
both as stimulating and as checking its growth. There are a 
not inconsiderable number of such cases known. Certain sea- 
spiders, Fycnogonidce, produce exactly similar galls, but com- 
pletely closed (see fig. 85), on the stems of a small polyp — as 
Hodge informs us. All the larvae of our fresh-water mussels, 
after leaving the parent, require to attach themselves to the 
skin of a fish before they can develope any further ; there they 
occasion an excrescence which gradually swells to a capsule 
visible even to the naked eye, and in this cavity the larva lives 
for months and goes through its metamorphosis into a true 
bivalve. We must include in the same category the gall-flies 
forming galls on extremely various plants. 

We are now accustomed, in all such cases of deviation from 
the normal growth, to r^ard them pathologically, as the result 
of disease, and certainly not altogether erroneously, since we 
know that they constitute more or less frequent exceptions. 
But supposing that the reciprocal relations between two animals 
or an animal and a plant were of such a character that each 
was dependent on the other in an equal degree, so that neither 
could exist without the other, any deviation from the normal 
growth must evidently no longer be regarded as indicating dis- 
ease. We must even consider the apparent abnormity as a 
peculiarity or character of the species, since it must necessarily 
occur in every individual of the species. The constancy of the 
causes which first led to the association of the two kinds of 
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animals would inevitably result in the constancy of the de- 
viation, and consequently the transformation of a pathological 
phenomenon into a normal character would depend solely on the 
uninterrupted constancy of the active causes. We arrived at 
the same result when investigating those modifications of struc- 
ture in animals which were occasioned by the first class of ex- 
ternal conditions of life ; every variation induced by a change 
in temperature or nutriment, in the direction or strength of a 
current, or in the salt constituents of the water, must always 
recur, and thus become constant or even be increased, so long 
as the efficient causes remain unchanged. Now, in point of 
fact, several cases have long been known to us of pathological 
changes in animals which have become normal modifications, 
and the causes of which can only consist in the association of 
two. species of animals. I will proceed to investigate these, and 
a few others which are new or have met with less attention. 

A very singular genus of small corals, called ffeteropsammia, 
is found living in tropical seas (see fig. 86), of which each in- 
dividual regularly harbours a worm, Asjyidosiphon, belonging to 
the class of Sipunculidce. It is difficult to imderstand what 
advantage each animal can derive from their association ; yet 
some must exist, for a coral is never found without a worm. I 
myself have fished up numerous specimens of ffeteropsammia 
Michelini in the Philippine seas, and never found one without a 
worm ; and in every representation and description of all the 
species of this genus, the dwelling of this companion of the 
coral is always found. Now, the presence of the Sipunculidie is 
the cause of certain very conspicuous deviations from the normal 
structure of the corals they live in — peculiarities which have 
indeed been regarded and describeil as specific characters of the 
species or genus. In young specimens the base of the free- 
growing coral is scarcely larger than the circumference of the 
cup ; in fully-grown ones, on the contrary, it is much larger. 
This is the first generic character which appears to be occasioned 
by the presence of the stranger. For the intruder settles on the 
base of the quite young coi*al and grows along with it; but, as 
it would seem, quicker than the coral, so that the worm, in 
order not to outgrow the base in its rapid progi'ess, has to curl 
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iteelf round in a, spiral. At the sama time it appears ko to 
stimulale the base of the coral that it grows faster than the cup 
itself, and thus the hase gradually but conspicuously outgrows 
the cup. Many corals ai'e affected ia a perfectly similar manner 
by parasitic crustaceans; Diaseris Freycineti by certain Cirrhi- 
pediA of which the shells often greatly outgrow the foot of the 
Diasem, though this too is abnonnally extended. Certain 
species of the genus Heteroeyathua also are infested by Sipan- 
culidffi just like Seteropaammta, and tbeir growth is modified 
by them. Even in fossil species of this genus holes are often. 
observable in the foot which can scarcely have been anything 
else than the dwell nf of S punc 1 d-e * There are also, it ia 
true, some speciei> of the same genus HeUrocyath\t», which 
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establish themselves on the shells of univalves ; the animals 
which have formed these are invaiiably dead, and the cavity of 
the dead shell is always occupied by another of the Sipuncu- 
Udce; but in this last case the worm has bad no effect on the 
growth of the coral, which has followed the noimal course of ite 
species and is at most so far modified that the coral, in order to 
obtain as secure a hold as possible, has extended its base rather 
more widely over the sm-face of the shell than sesms to be its 
natural habit. 

In the genera HeUropaammia and Heterocyathua, in the 
second place, another generic character becomes modified in a 
veiy peculiar manner by the Sipuneulidw. All the species 
attacked, of both genera, display both on the under side of the 
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base and at the sides a very variable number of perfora- 
tions which, in all the works that treat of them systematically, 
are described and particularly pointed out as specific or even as 
generic characters. But these holes do not in any way agi'ee 
with the peculiar characteristics of the families to which these 
genera belong ; for in Heterocyathus the side walls of the coral 
ought properly to be quite without perforations, and in Hetero- 
psammia, which belongs to the group of corals with porous walls, 
the holes which we find are quite different from those proper to 
the coral itself. In both cases these perforations, which are 
clearly visible in the illustration (see ^g. 86), are occasioned by 
the worm, as is plainly shown by their irregularity of number 
and aiTangement. They open directly into the spiral cavity 








Pig. 67.— rt, a', Heterocyathus philipptnsi% a fully-grown specimen. At a the hole 
formed by a Sipimculus is visible in the otherwise solid wall of the cup. 6, a young 
Individual showing the terminal hole of the tube of a Sipnnculus ; her© It is visible in 
tlie side wall, but the growth of the coral pushes it to the bottom, r, Ueterocyathu* 
jHtrtisiticuSy established on a species of Cerithium. 

in which the worm lives, and correspond exactly to its growth ; 
that hole which is nearest to the opening of the tubular dwell- 
ing, out of which the worm protrudes its head, being situated 
exactly as it must necessarily be with reference to the position 
of the anus of the worm to serve as a passage for the ejection 
of excrement. Finally, these holes have no connection with 
the cavity of the coral itself. 

Thus the enlarged foot and the large holes observable at the 
base or in the sides of the corals, have originated in the same 
way as those pathological deformities in animals and plants 
previously mentioned, and this is more particularly proved by 
the fact that no such holes are formed in the HeterocyatkuSy 
which establishes itself on the shells of univalves. Bat as 
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they are perfectly constant — no siiecimen having hitherto heen 
found without such holes, sufficiently proving that a Sipunculus 
lives as commensal in the coral^they here bear the aKpect, or 
disguise, of a true specific character. 

Many years since, a very interesting cose of association or 
commensalism between a mollusc and a coral was described by 
Steenstmp. The young of Shizochilus antipalhwm (see fig, 
88) have all the appearance and characters of a true Buccinnm. 
When they have reached a certain size they attach themselves to 
the slender branches of a horny coral known as Antipatkes, and 
at once so modify their normal growth that it is quite impossi- 
ble to name any other mollusc in which any alterations of 
growth at maturity are to be met with in the least resembling 
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patha by ita irr^^arly lorme^ 

it. The shell throws out processes in every dii-ection, by which 
it clings to the coral, in the mode here shown in a woodcut 
copied from Steeustrup, till at last the mollusc loses all 
power of motion and lies, anchored as it were, to the Anti- 
pathes. Of what use thb can be to the animal it is difficult to 
say ; but we may venture to put forward the hypothesis that 
il must be, and is, of some service, and also that an originally 
accidental connection and growth of some true species of Buc- 
cinum with the slender branches of a Gorgonia must have given 
rise to this extraordinary habit. 

Certain pai-asitic Crustaceans offer another example of 'such 
a peculiar action of one animal on another. The species of P«t 
togoBter often live attached to the hind part of the body of the 
hermit crab, and they then assume the form necessitated by that 
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aftheir host and of his dwelling. PachyhdeUa lives in preference 
on the hind part of other crabs, and particularly on the under 
surface, which, as is well known, the crab always carries folded 
in under its body towards the front ; it occurs almost exclu- 
sively on the abdomen of the female crabs. The parasite always 
(see fig. 12) consists of a somewhat flattened sac, adhering closely 
on both sides to the surface of the crab's abdomen ; the side 
edges of the parasite, when seen in its natural position, perfectly 
agree with the form of the crab's body and correspond exactly 
with the lateral symmetry of the crab itself. The structure of 
one surface of the Pachybdella almost always differs from that 
of the other, and one of these surfaces has hitherto been always 
regarded as the natural hinder side of the Pachybdella and the 
other as the front or belly ; but this is quite an error, as has 
been proved by the careful researches of Professor Kossmann. 
The old view seemed quite established by the presence of a large 
opening which was generally recognised as the mouth, and it 
cannot be denied that a median line of the body seemed to be 
indicated by this opening, and by the situation, exactly in a 
line with it, of a style by which the animal attaches itself to 
the abdomen of the crab, and these allowed of our dividing it 
into two symmetrical right and left halves analogous to those 
observed in most other animal forms. But after Kossmann's 
observations and an exact investigation of its internal anatomy, 
previously but little known, there can no longer be any doubt 
that the flat surface is in fact only one side of the body, and 
that the two corresponding halves constitute the front and 
back. Thus, in form, this animal reminds us somewLat of the 
laterally compressed flat-fishes, in which the back and belly form 
two edges while the right and left sides are broad and flat ; and 
like them it always lies on one side, sometimes the right and 
sometimes the left. 

I cannot resist the temptation to attempt to explain this 
extraordinary condition of things by an hypothesis put forward 
by Kossmann. The larvae of all the Cin*hipedia — to which 
Pachybdella belongs — are distinct from those of their nearest 
allies among the Crustacea by the circumstance that they must 
pass through a second larva-stage before they can assume the 
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form of the fully developed sexual animal ; during this stage 
they have two shells, connected, like those of bivalve moUusca, 
by an elastic ligament at the dorsal margin. It is probably at 
this stage that they attach themselves to the abdomen of a 
crab ; this compels the Cypris-like lai*va to lie on one side, 
since there is no room for it to occupy a perpendicular position 
between the thorax and the folded-up abdomen of the crab. 
Since) moreover, they establish themselves, almost without excep- 
tion, in the centre of the ci-ab's body, and ere long cast off 
the hard shells of the larva form, to allow of the growth of the 
somewhat soft permanent skin, the back and front of the 
Pachybdella will continue to grow in similar directions, and it 
is easily explicable on mechanical grounds that the two edges 
must be symmetrical in their growth, in consequence of the 
symmetry of the form of the crab's abdomen. In most animals 
it is not the back and belly that are symmetrical, but usually 
the right and left side. Now, since the left side of the larva of 
the Pachybdella is applied to the thorax of the crab and the 
right to the surface of the abdomen, it need not surprise us to 
find that the two sides of the body, which in other animals are 
usually symmetrical, have become dissimilar in consequence of 
the unusual pressure upon them, and so their normal symmetry 
is lost. This is actually what takes place, as Kossmann has 
also proved ; the markings and the hairs of the skin of many 
species of Pachybdella are extremely different on the right side 
and on the left. This renders the comparison with the unsym- 
metrical flat-fish — as Plaice — even more striking, but in them 
the false symmetry of the front and back is less distinctly 
marked, than in the Pachybdella. 

The method here suggested as an explanation of the false 
symmetry of Pachybdella presupposes, however, that only one 
individual at a time shall have attached itself to the crab, for 
in that case only can the abdomen of the crab be capable of 
pressing the Pachybdella, as it grows, into this particular form. 
And indeed only one individual is commonly found on each 
crab. But when — as sometimes, though very rarely, happens — 
more larvae than one establish themselves almost simultaneously 
on a crab's tail, these must mlituallv hinder each other in the 
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form of growth, otherwisB determined by the pressure of the 
crab's abdomen, and we might expect to find that such false sym- 
metry woidd disappear, since the mechanical causes determining 
the growth of tbe Pachybdella would no longer be able to act in 
the same way. This anticipation is not, however,justifie<i; in 
the cut hero given the abdomen of a crab is shown whieh bore 
on it three such uninvited gtiests, and although a certain 
irregularity is plainly perceptible in the form and dissimilarity 
of the three parasites, the false symmetry is quite normal and 
well developed in all three. This proves' that in this case tbe 
false symmetry induced by pressure has already become an here- 




ditary character of the species ; otherwise it must have dis- 
appeared. Thus in this case, what was originally an abnormal 
and pathological character seems to have become a normal 
specific character, transmissible by inberitAcce. 

A still more wonderful instance of the same kind was long 
since described by Count Ponrtalte. During bis dredging 
expedition in the West Indies he discovered a homy coral 
(see fig. 90J invariably associated with an Annelid. The worm 
lives in a tube formed by the abnormal growth — which in this 
species has become normal— of the slender branches of the coraJ j 
they grow tc^tber into a rather fine network, and thus form 
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a cylindrical cavity lying parallel to the main stem of the 
Antipathes. Among the numerous specimens found by 
Pourtal^s not one occuiTed that had not a tube, and thus 
the same thing has happened here as in the other instances 
adduced. An abnormal peculiarity caused by a modification in 
the mode of growth has, by the constant recurrence of the 
exciting cause, become a distinguishing mark of the species. 

In conclusion I cannot refrain from mentioning one more 
very singular and hitherto little-noticed case of the association 
of two organisms which seems closely allied to the well-known 
case of Lichens among plants. These, according to Schwen- 
dener's researches, are to be regarded as colonies of true one- 
celled Alg8B and Fungi, and though individual botanists still 
raise their prote3t against this view, the latest investigations on 




Fig. 90.— Antipathes ^lir, Pourtal63, a homy coral of the West Indian seas, which by 
constant association with an Annelid has been forced to form a tube for the worm. 
Deep-sea corals. 



the subject seem to prove that they are no longer justified in 
doing so. 

The Sponges are now universally classed with animals; 
their soft parts consist exclusively of cells which are scarcely 
ever co-ordinated to form special organs such as occur among 
the higher animals. These soft portions Hre usually strength- 
ened and supported by a network of fibres secreted from the cells 
and extremely variable in structure. In the forms which are 
generally regarded as the simplest and most typical, all the parts 
unite to form a funnel attached by the pointed end, and of which 
the free end has a large opening leading into a central cavity ; 
this, for brevity, we will call the mouth of the sponge. But, 
besides this, the internal cavity communicates with the sur- 
rounding water by a system of fine canals which penetrate the 
lateral portions of the sponge funnel in every direction* A 
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stream of water, produced by the cells of the sponge, cir- 
culates through the system of tubes thus formed, and this, it 
would seem, supplies the animal with foo4l, consisting of micro- 
scopic organisms. By a course of growth and subdivision, 
after the manner of plant-growth, a compound sponge b fre- 
quently formed ; one, that is to say, which has a number of 
moutlis, more or less, and in which the central cavity — which 
in calcareous sponges is often quite 'simple— is transformed into 
a highly complex stiucture of internal canal and cavities. 

These soft and perfectly haimless organisms sometimes, how- 




ever, growing to an extraoi'dinary size, offer a welcome shelter 
in their innumerable cavities to a host of other ci'eaturea, which 
I'etire into them, as I might say, for rest and refreshment, and 
cin easily find in their labyrinthine passages a place of con- 
cealment from the pursuit of their enemies ; sometimes these 
are true parasites, sometimes only commensals, which establish 
themselves there. Such a specimen of sponge freshly dredged 
up from the sea offers to the collector a rich mine of Annelids 
and Planarians, Nemertidee and Polypes; Crabs of every kind, 
various Mollusca, and even Fishes, may be found, and PlaatB, 
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as Algas and Fungi, also establish themselves there. Some of 
these last have, very singular habits ; it was Lieberkiihn, so far 
as I know, who first pointed out the foctthut certain a,]gm- — the 
FiondecE — are invariably associated with certain species of 
sponge, and that they grow, not on the soft portions, but on the 
hard fibres. Other algse, i^ain, serve as a base for the sjionges 
which cover them like an incrustation. Both of these cases 
miglit be designated as instances of parasitism if we knew that, 
in the former, the Florideoe, living in and penetrating the fibres, 
derived their nourishment from the sponge; or tliat, in tho 
second, the algie supplied food to the sponge growing upon it. 
But we have no certain information on these points 




While following op the question aa to whether such pecu- 
liarities of structui-e might not in fact be more common than 
was supposed, nnd what the nature might be of the reciprocal 
relations between two organisms thus associated, I unexpectedly 
met with an object which at the first glance has all the normal 
appearance of a highly ramified species of sponge. It seems to 
have been so described ali-endj by Esper, and I believe I am ooi^ 
rect in designating the organism rejiresented in the cut {see fig. 
03) as the Sponjia eartUaginea of that writ«r. The branches, 
which are sometimes cylindrical and sometimes fiat, divide in 
one place and reunite in another, thus forming an irregular net- 
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work, with the meshes and braachea epreading almost in a 
plane ; such forms are tolerably common among the true 
sponges. Besides this, all the branches have large perforatioDS 
on one side, which in living examples — if I may judge from the 
points of attachment — appear all to be directed upwards. If 
such a branch is cut across, certain peculiar thick transparent 




fibres appear which do not greatly resemble the usual fibres of 
sponges, and which penetrate the whole organism in every direc- 
tion and through all its anastomoses. Still, when we again 
study the uninjured oi^anism, even with a lens, we feel once 
more inclined to agree with Espsr in regarding it as a true 
sponge. 

But a more minut« investigation with the microscope shows 
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as, bayond the possibility of doubt, that this body consists of two 
distinct organisms, namely, of a sea-wesd associated with a 
sponge exactly as is the case with the lichens among plants, and 
it is impossible, with only specimens preserved in alcohol, and 
without investigating their vital properties, to decide whether 
the form of the whole mass owes its origin to the sponge or to 
the vegetable growth. The thick and somewhat vitreous, trans- 
parent branches of the internal network (see hg, 93), which 
give rise where they anastomose to the broader branches, on one 
side of which we find the stomata of the sponge, are un- 
doubtedly filaments of a sea- weed — probably an undetermined 
species of Floridea; and the spaces between these internal 
branches of the sea-weed lead dii*ectly into the cavities which, 
on one side of the main stem, pass into the stomata of the 
sponge. Hence the margins of these are actually composed of 
the filaments of the alga. On the other hand, the soft tissue of 
the sponge proper lies in a very thin layer on each filament ; 
the sponge has no true fibres, though it has spiculsB which are 
scattered through the soft substance. Unfortunately the spiculse 
are so far from characteristic in their structure and their arrange- 
ment that it is impossible to determine the genus in which the 
sponge should be systematically placed. If we assume that its 
normal growth is neither hindered nor modified by its association 
with the sea-weed, it may with some probability be included in 
the family of the Chalince, 

But it is highly probable that in point of fact both the or- 
ganisms are to a certain degree reciprocally influenced and 
modified hy their association. Although I have examined very 
numerous examples of these colonies, I have never succeeded in 
detecting the smallest trace of fructification on the filaments of 
the Floridese ; they even seem not to grow in the usual manner 
of the Floridese, so far as I could determine, and I am suppoi'ted 
in this view by those specialists whom 1 have asked among 
botanists. In the first place an internal union, by secondary 
coalescence, occui*s between the large primary branches, which 
continue growing at the ends only ; that they are truly coales- 
cent and not merely superficially connected is proved by the fact 
that in many places the original scar or line of contact is still 

16 
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visible, wliile in others the union has proceeded to such a point 
that even the cell-walls have merged in one. This appears to 
me to he a very conspicuous deviation from the normal growth 
of the Floridese, for, so far as I know, two separate filaments or 
branches never, or most rarely, anastomose in these marine 
algae. Even the absence of all fructification seems to prove 
that the sea- weed is forced to an illegitimate mode of growth, 
so to speak, by its association with the sponge. 

But it is, moreover, very probable that the sponge, on its 
part, is affected by the Floridea. The greater part of its stomata 
occur only on that side of the broad primary branch which is 
dii-ected upwards, but sometimes we meet with some which, by 
a twisting of the branch, have quite lost this normal direction. 
Now, if the sponge alone could determine the direction of 
growth, all the mouths would be turned in one direction, and, 
as this does not occur, the presumption is obvious that this de- 
viation from its normal behaviour is occasioned by the influence 
of the sea- weed on the sponge. As it would seem, the direc- 
tion of growth of the stomata is determined by that of the 
filaments of the alga ; this extends its blunt tips — which, as is 
well known, are its growing points — in every direction. They are 
found everywhere, at the broad free end of the primary branches, 
as well as within the oldest portion and all round the mouths 
of the sponge. As the encrusting layer formed by the sponge 
is excessively thin, it may be supposed that round about the 
stomata the growth of the seaweed is as vigorous as that of 
the sponge, or even stronger ; it is then forced by the filaments 
of the alga into a direction of growth perhaps not originally 
natural to it. Be this as it may, in any case the compound 
organism I have here described must be of the highest interest, 
and I make no doubt that a careful investigation, not of 
dead specimens, but of living individuals on the spot, with an 
inquiry into their mode of life and physiological characters, 
will furnish an answer to the question whether, as I believe, 
the organisms — sea-weed and sponge — have a reciprocal influence 
analogous to that which it has been proved that the algae and 
fungi have in the compound organism known as a Lichen. 

The degeneration of the organs of parasites. — Besides all 
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these influences to whicli two organisms living in association are 
exposed, there are yet others which exhibit their results in the 
degeneration of the organs of true parasites. Most parasites 
dispense entirely with many organs indispensable to the 
existence of free-living species ; or else they possess them in so 
undeveloped a state that they appear almost incapable of ful- 
filling their functions. They are then called rudimentary 
organs. It is usually said that this extinction of organs which 
in other cases are so important, is the result of the parasite's 
mode of life ; but this is only a brief way of stating the fact 
that such extreme degeneration has been observed to any great 
extent only in those ti'ue parasites which actually feed on the 
juices of their host. The statement is in no way an explana- 
tion of the phenomenon itself, and up to the present time we 
are absolutely unable to assign with any certainty the causes 
by which, in any individual case, an organ may have been 
affected in such a way as to reduce it to the rudimentary condi- 
tion or to cause it to disappear altogether. It is self-evident 
that all sedentary parasites, or such as live in the organs of 
other animals, must lead a free life while youug, in order to 
sec\u*e the perpetuation of the species by seeking a new host. 
In accordance with this, we see that all those parasites with the 
history of whose development we are acquainted, go through a 
stage of free larva-existence during which the larvae live under 
the same conditions as other independent creatures. Such a 
free existence is, of course, impossible without organs of locomo- 
tion, such as legs, fins, and so forth ; these again would be use- 
less if they were not under the control of volition and its 
auxiliaries, the organs of sensation ; all these organs must be 
supplied with nourishment, which the free-swimming larvae 
could not obtain unless they had grasping organs to seize their 
prey ; and finally, they could not digest the food thus obtained 
if they were not endowed with organs proper for that function. 
Vessels or other contrivances must be present in them which 
may convey the food-juices to the remotest part of the body ; 
other internal parts must fulfil the task of carrying away all 
the products of that decomposition of the food-constituents 
which results from the process of combustion carried on in the 
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boily, siuco tlioso waste pi-oducts are ia the highest degi-ee pre- 
jiiilifiiil to life. Parasites permanently attached to their host 
uud living on its juices have no need of most of these organs, 
and, in f:ict, in all such parasites all or most of them have 
totally disnppeai-ed or ai« extremely degenerate; the degree of 
degeneration is, however, certainly veiy different in diiferent 
species of pcii-asites. 

With reference to this it will suffice to select a, few of the 
hest-known and more inatriictive examples from the abundance 
at our dispo-ial. Among molhisca there is fii-st and foremost the 




well-known Entoeoiicha (see fig. 94); this consists of a simple 
sac containing nothing hut the hermaphrodite organs and 
the embiyos of a univalve mollusc. These emhrj'oa have 
precisely the form and structui-e of the ordinary larva; of 
univalves adapted to a free existence; an oval shell with an 
operculum to fit the mouth, an organ for swimming — known ae 
tlie velum, such as occurs in many similar lai'va;— a brain and 
aiiditoiy organ, intestines, gill cavity and all the other parts. 
But all the organs here enumerated are entirely lost when the 
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creatm-e is transformed into a mere parasiiicdl pouch-like 
mollusc living in a Holothurian. The Cin-hipedia, Copepoda, 
and Isopoda among the Crustacea offer numerous examples of 
equally extensive degeneration. The extraordinary Thovip- 
sonia glohosa, described by Kossmann (see p. 47), is nothing 
more than a small perfectly closed sac attached by a short stalk 
to the leg of a crab, Melia teaselata ; it contains larvae in the 
Cypris-stage without a trace of any other organ whatever, and 
the other two above-named orders of Crustacea contain several 
equally degenerate forms. In the same way the larvae of many 
pai-asitic worms are often more highly organised than the 
fully grown and sexually mature individuals, and in many 
other groups of animals between those here mentioned * degene- 
rate metamorphosis * often appears simultaneously with a para- 
sitical mode of life. 

Now, at the first glance, it seems tolerably easy to explain 
the gradual disappearance of many organs in these different 
creatures by the principle of disuse. "We know that a muscle 
which is not constantly exercised in the proper way gradually 
loses its power and precision and at the same time materially 
diminishes in size. The organs of sensation may be rendered 
keener in their perception by use, and our mental activity in- 
ci-cases with exercise and diminishes by lack of employment. 
Thus, applying this principle to the foregoing cases, we might say 
that the Entoconcha or parasitic crustaceans had lost their 
organs of motion because, after attaching themselves to their host, 
they no longer used them. In the same way we might under- 
stand the disappearance of a true stomach in Sacculina and 
Thompsoniay since it becomes useless fi*om the moment when 
the animal establishes itself in the cavity of its host and by 
plunging a sucker into its body is enabled to suck up the absorb- 
able juices of its host, and so to convey them into its own body 
cavity, without any circuit vid a stomach. Eyes and ears, 
brain and nerves, muscles and other similar organs, dependent 
on the will of the animal, might in the same way easily have 
become extinct from desuetude. But, plausible as all this 
sounds, certain not unimportant difficulties seem nevertheless to 
stand in the way of this methv^d of explanation. An investiga- 
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tion of these will once more set some of the general principles 1 
have already laid down in a clear light. 

If desuetude were invariably to be regarded aa a primary 
cause of the disappearance of organs no longer in exercise, it 
would be very difficult to understand why, under apparently 
identical circumstances, identical results should not follow, i.e. 
the disappearance of an organ. All the free-swimming larvae of 
the lower Crustacea have similar swimming organs, namely legs, 
and all alike are thrown out of use by the settlement and 
attachment of the parasite. In spite of this, the legs are by no 
means universally absorbed in the same way. In some species 
one disappears lii'st, in other species another ; sometimes too a 
few limbs are spared and remain attached to the body, though 
perfectly useless. Hence the same cause affects the same organs 
veiy differently in different species ; and this proves that the 
absence of a disused organ is not a mere mechanical result of 
desuetude, but, on the contrary, is subject to other determining 
influences according to the peculiarities of the animal whose 
organs of motion are no longer exercised. "We arrived at the 
same conclusion in a former section when considering the inani- 
mate conditions of existence, and I will endeavour in this 
chapter to illustrate this point more fully by a few other striking 
instances. 

As a rule a tolerably sharp distinction is made between ecto- 
and endo-parasites ; the former being such as live on the outer 
skin of animals, e.g. the louse, the latter living in the interior 
organs. It is also regarded as an almost universal rule that 
ecto-parasites are of less degraded forms than endo-parasites ; 
however, there are some very striking exceptions to this rule. 
The most remarkable exceptions known to me are the following, 
which I myself observed in the Philippine Islands. 

Holothurians, like all animals, are infested by a great num- 
ber of various parasites. Besides the Fieras/er (a fish) and 
Pinnotheres (see p. 80) which live in the water-lungs, other 
parasites, molluscs, and worms are found on and in them. 
Among the foimer Eulima occurs very frequently on the skin 
of the HolothurisB (as also on that of Star-fishes) ; it exactly 
resembles other univalve mollusca, and its parasitic mode of life 
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haa only led to its losiDg the organ for gnawing and masticating 
■which is universal and peculiar to univalves. It does not need 
it, for it seems to suck up the slimy secretion from the skin of 
the host. Hence Eulima haa never been included in the 
category of true parasites ; and raahly dogmatising from this 
view, the actual observation of Mr. Cuming (the well-known 
traveller and conchologist), who found similar specimens of 
Eulima inside the stomach of Holothurians, was at once rejected 
and explained away by the quite unfounded assertion that tho 
univalves had only been eaten by the Holothurians; but 
Cuming was perfectly correct in his statement, for I myself 
have found living Euhnue in the intestine of large HoIoUiurite, 




creeping freely In tlie stomach of 



and that very often and by no means as a great rarity. Here 
they creep about rapidly on their broad foot, on the wall of 
the intestine, and they have, moreover, all the crgnns proper to 
unividvea, as a nervous s)*stem, organs of sensation, an intes- 
tinal canal, ic, exaclly like the form living on the ontei- skin ; 
the only organ wanting is, in the same way, the masticating 
■ oigan, rachLs or tongue, as it is called. With these, certain small 
flat worms live in the same intestme ; these Lave the internal 
structure of the Ti-ematoda, bnt glide along the intestinal 
canal after the fashion of the Planarian worms, liy means of 
the cilia on their skin ; and, lastly, a few species of minute 
Crustacea, belonging to the Copepoda, float and crawl within 
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the intestinal cavity of the HolothurisB. These have recently 
been described by Kossmann under the name of Lecanurius ; 
but these small creatures have not assumed the organisation 
of true and degenerate endo-parasites, but possess all thoso 
organs which are found in free-living species or in ecto-parasites 
and which enable them to change their dwelling-place rapidly 
and at will. ^ 20 

On the other hand, I found on the skin of the very same 
species of Holothuria which harbours in its intestine the crea- 
tures just described, a Eulima which is far more degraded in 
structure than any other species of the genus. The front of the 
head which bears the mouth is drawn out into an extremely 
long proboscis, which pierces quite through the very thick skin 
of the Holothuria, an<l the mollusc is just as securely anchored 
by it as is the Pachybdella by its style or holdfast. But this 
proboscis must also act as a food-sucker, since it bears, at the 
end it inserts into its host, a simple mouth without any gnawing 
apparatus. The foot, which in other species living on the skin is 
well developed, has here wholly disappeared (see ^g. 95), and 
eyes are likewise wanting. Thus we perceive that the effects 
usually produced by the condition of liviL'g in the intestine, in 
this instance have not been able to impress the character of endo- 
parasites on these living in the Holothuria ; while, on the other 
hand, a true ecto- parasite has been modified in the way com- 
mon to endo-parasites, although it belongs to a group of animals 
of which the numerous species live, without exception, on the 
skin of Echinodermata, but nevertheless are thereby modified 
to so insignificant an extent that their parasitic nature has even 
been altogether denied. 

The causes which have so far come under our consideration 
as lying within the agency of living organisms and occasioning 
modifications in animal forms, sink altogether into the back- 
ground as compared with one now to be discussed, and about 
which much has been written, and not a little that is false ; 
namely. Hybridisation. This word signifies the fertile union of 
two indi\dduals which according to our systematic classification 
are supposed to belong to two different species, and which are 
supposed, by a certain school of naturalists, never to have been 
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intended by nature to be capable of actual sexual union. Hence 
the opponents of Darwin's theory — maintaining, as they do, the 
immutability of species — have always denied the occun'ence of 
hybrids, or have declared that eveii if they could occur the off- 
spring of such an unnatural union must inevitably prove barren, 
or, finally, that the fertility of the progeny of a successful case 
of hybridisation affords a proof in itself that the animal forms 
previously regarded as distinct species must henceforth be con- 
sidered a mere variety of the same species. 

The importance of the subject induces me to pass the facts 
briefly under review. 

In the first place, it must be stated that those persons who 
deny, even now, the general possibility of hybridisation, by that 
very denial display their ignorance of the subject. It is simple 
folly, in the face of the increasing number of cases of successful 
hybridisation in our Zoological Gardens, to insist on maintain- 
ing this negative position. Hybrids are already known to us in 
the most widely dissimilar classes of the animal kingdom. 
Among apes, Cynocephalua mormon and Macacus cynomolgua 
have crossed and produced young ; the hybrid race of Leporidse, 
a cross between the rabbit and the hare, is very generally 
known ; the tiger has bred with the lion, the leopard with the 
jaguar, the polar bear with the brown bear, the masked pig 
with the common Berkshire pig, Dama vulgaris with Dama 
mesopotamica, Equus onager with Equus hemippu8, Equua 
BurcheUi with the common horse, and then again with the 
common ass and Equus hemionus, and all these crossed couples 
have repeatedly given bii'th to offspring. Quite lately a 
hybrid snake was born in the Zoological Gardens in London, a 
cross between Chilohothrus inornatus and Epicrates angulifer. 
Among ducks hybrids are extremely common; Anas sponsa 
crosses with Eulicula /erina and nyrocca. Anas hoschas with 
Anas crecca. Among fishes hybridisation between two species 
of carp or of trout is very easily effected.* Hybrids of inver- 
tebrate animals are less common ; this, however, may be because 
they have been less experimented on by man, or because they 
have generally attracted less attention than the vertebrata. 
♦ Salnw salvelinus and S,faHo\ Cyprinm carpio and C. ca ramus. 
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Among insects, however, there are several species known which 
readily breed together and produce hybrid offspring; thus a 
cross has been produced between the larger and smaller peacock 
moths and between the willow and the poplar hawk-moths. I 
have intentionally mentioned here only some of the more recent 
Ciises (there is a mass of well-established older examples which 
may be found briefly enumerated in the fourth edition of Clauses 
* Lehrbuch der Zoologie ').*2^ 

This must suffice ; the fact that two different species can 
unite and be fertile must be regarded as established, for in. most 
of the cases here enumerated the individuals breeding together 
stand so far apart in the systematic scale that no systematic 
zooloscist — not even the most virulent anti-Darwinian— could 
venture to assert that they were only varieties of one and the 
same species. 

However, to deprive these numerous instances of hybridi- 
sation of any universal api)Iication and value, it is further 
asserted that the newly originated hybrid forms are always, or 
almost always, sterile. But even this statement must be 
declared to be inaccurate in its naked and literal form. The 
race of the Leporidae is, as is well known, perfectly fertile, and 
has produced other cross-breeds with both the rabbit and the 
hare. Hybrids between the dog and jackal or between the dog 
and wolf remain fertile for maiiy generations ; those of Phasid- 
nus colchicus and torquatus are perfectly fertile ; ' so are the 
well-known hybrid geese, and those between Gervus vaginalis 
and Cervus Reevesii ; a female mule in the Jardin d'Acclima- 
tation at Paris has produced two foals to a horse and two to 
an ass ; in the Zoological Gardens (London), a hybrid female of 
Bos indicus has had young by a male of Bos frontalis, Newton 
states that a hybrid female between the common duck and Anas 
hoschas proved fertile with a male Mareca penelope, and I have 
no doubt that many similar cases have escaped my notice. 
The infertility of hybrid races is certainly not a universal law, 
for besides those cases which are always, or under certain cir- 
cumstances, infertile, we meet with others, as we have seen, 
not less numerous, of which the undiminished fertility is un- 
doubtedly established by reliable observers. We may conse- 
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qucntly assume it as proved that cross-breeds may originate 
from hybiidisation which are both fertile and capable of trans- 
mitting their characters to their descendants, but that certainly 
there is no rmist in the case. 

An attempt may, however, be made to invalidate this posi- 
tion by the assertion that, although the formation of such hybrid 
races may be possible, it can only succeed with domestic animals, 
and never in the freedom of nature and without the co-operation 
of man, since in all the examples here adduced the cross-breed- 
ing has been intentionally effected by man in animals kept in 
captivity. I may at once admit that though I have so far men- 
tioned none but such cases, it is not because cases of hybridisa- 
tion in a state of natui^ have not been observed ; I have pur- 
posely reserved the mention of them, and will now first briefly 
allude to some rather doubtful examples. Fells torquata, 
described and correctly drawn by Cuvier as a distinct species, 
appears to be a hybrid, produced in a free state, between the 
domestic cat and Felis hengalensis ] Anas himaculata is a freely 
engendered hybrid between Anas hoschas and Anas C7*ecca ; 
Tetrao medius, in the same way, between T, 2irogaUits and T, 
tetrix. Siebold's view is certainly well founded, that the vast 
number of intermediate forms which constitute the crux of the 
zoologist who endeavoui-s to determine the species of the fresh- 
water fishes of Grermany, must have originated from cross-breed- 
ing in a state of nature ; this naturalist, in his well-known 
work on the fresh-water fishes of Germanv, enumerates no 
less than eight hybrids, most of which have been described 
by other zoologists, even as tyj^es of special genera. According 
to Von Loewis, Lepus timidus and Lepus variabilis not un- 
frequently produce hybrids. Dr. W. Wurm states that he 
has often seen cross-bred partridges. J. von Fischer * asserts 
that the polecat and ferret are two different species and 
produce hybrids in a free state. The case noted by Mr. Buxton 
is perfectly verified, of a male white cockatoo and a female rose- 
coloured Lcadbeater's cockatoo, which had never bred in con- 
finement, and which when set at liberty in the woods near that 

* Pirector of the Zoological Gardens at Cologne. His sketches of 
animal life are well known in Germany 
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gentleman's house bred two years in succession. The processes 
of such attempts at hybridisation have not unfreqiiently been 
detected. Thus, G. Koch observed the union of Zygcena pence- 
clani with Zygcena trifolii, of Zygcena minos with Zygcena loni- 
cerce and of Smerinthus populi with Smerinthits oceUata. A. 
Meyer detected that of various sj)ecies of Fhryganidce ; Peragallo 
that of Luciola lusitanica with Ragonycha mdanura ; Kuenckel 
that of Strangalia melanura with Leptura livida ; Gerstaecker 
that of Tipula oleracea with Pachyrhina scalaris. Heynemann 
also tells us thsit Lymncea stagnalis and LymncBa auriciUaris have 
bred together. Of course the question remains unanswered as 
to whether in all these cases the union led to the production of 
offspring ; but the mere fact that in a free state of nature such 
attempts at hybridisation are certainly made, renders it in a 
high degree probable that they may frequently lead to such a 
result, and we can no longer doubt the possibility of hybridisa- 
tion in a free state of nature. 

Now, I began by saying that such hybridisation might be 
one of the means employed by natui*e for originating new forms, 
that is to say, for producing offspring, and, moreover, fertile off- 
spring, which varied from their parents in form, colouring, and 
other characters, thus offering to Selection fresh material to ex- 
periment upon. To justify this statement it will be sufficient 
to examine one or two of the above-quoted instances rather 
more minutely. 

The hybrid cockatoos which I have mentioned were distin- 
guished from their parents very conspicuously, for while one of 
these was white and the other rose-coloured, both the broods of 
young birds had large orange-coloured tufts. All the hybrids 
of fishes spoken of by Siebold display a peculiar mixture of the 
characters of both parents, besides others which cannot be 
referred to either with any certainty. The descriptions given 
by many systematic naturalists of recognised ability, of various 
hybrids as distinct species, prove that in these cases — as, for 
instance, in Felis torquata, Anas himaculata, and others — cha- 
racters occur which do not positively belong to either parent. 
The hybrid between the masked pig and the Berkshire pig was 
black with white feet, and the hybrid bear born at Stuttgart, 
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whicli was recently described, the offspring of a cross between tbe 
brown bear and the Polar bear, is described as follows.* * The 
change of colour undergone by the hybrid young was very in- 
teresting. All four came into the world quite white, but pre- 
sently assumed a silvery grey or bluish hue, and at the age of 
three months were of a dark -brown colour, shot, as it were, with 
A blue gleam. They at no time showed any trace of the white 
necklace which is characteristic of the young of the brown bear. 
The two that are six months old are at present for the most 
part greyish- brown, but not uniform in colour ; all about the 
throat they are conspicuously lighter, almost white. The two 
that are eighteen months old are much lighter altogether ; the 
backs and sides are a light bay brown ; a dark median band in 
one of them is tolerably broad and extends all down the back ; 
in the other it is only faintly indicated in the fore-pai*t; the top 
of the head is light brown, the under part and the rump 
whitish, all four extremities a rather dark brown.' It is easily 
seen from this description that in this case changes in the 
colouring have been produced in the hybrids which exhibit a 
very considerable deviation from that of the parents. 

At the same time this last- mentioned instance is particularly 
adapted to bring into prominence another phenomenon which is 
at least as conspicuous in the hybridisation of animals as of 
plants, namely the mixture in the hybrid young of the colouring 
of both parents, particularly in the hybrids of insects and birds. 
In these a very distinct combination of part of the colouring of 
the female with differences taken from the male is regularly re- 
produced, as the mixture of colours in the hybrid (or mule) of the 
canary-bird and goldfinch ; in the hybrids above mentioned, 
between the poplar and willow moth, the peculiar marks on the 
hind wings of the former may be plainly seen overlying the eyes 
of the latter. But the extent of this mixture is extremely dif- 
ferent in the individual progeny, as has been evident in the 
minute description of the hybrid bears ; sometimes the colours 
of the female predominate, sometimes those of the male, and this 
may occur in different young of the same brood. Thus it is evi- 
dent that hybridisation does not result merely in an aggregation 

* In a German periodical, * The Zoological Garden.' 
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of new characters in addition to such as are already present in 
the parents ; but these too are rendered to a certain degree fluc- 
tuating, so that any exact, or even approximate, repetition of them 
in the offspring is put out of the question. The rigid constancy 
of the parental characters maintained by interbreeding is so 
completely interrupted by hybridisation that the organisms 
thereby exposed to the means of selection acting on the young 
animals are to a certain extent perfectly new. Certainly, we as 
yet know very little concerning the mode in which hybridisation 
affects any other characters than the colouring ; the comparative 
difficulty of breeding such hybrids, and the short series of years 
that have elapsed since more attention has been paid to such 
cases than formerly, leave no room for surprise that available 
material is so extremely scanty in this direction. But this 
cannot alter the results that have been attained so far ; for if 
after longer investigation we should be brought to the conclu- 
sion that in the animals at our command for experiment the 
colouring of the skin, or of its covering, still seems especially 
adapted to exhibit the effects of hybridisation, while other organs 
as the skeleton — for instance — are not affected at all, or in a very 
insignificant degree, neither of the principles above laid down 
would be disproved, but merely restricted in their application. 

If we now compare and contrast inbreeding and hybridisa- 
tion — cross-breeding — it is well known that the very essence of 
the former process is the union of very closely allied individuals 
of the same race or species, while that of the latter, on the con- 
trary, is the union of individuals very distinct from each other. 
And since this contrast, so far as we learn from the numerous 
experiments now within our knowledge, points to one and the 
same cause as that by which the difference in the results of 
the fertile union is determined in each case, we mav deduce 
another general principle which will lead us to still wider con- 
clusions : namely, that the more remote the systematic affinity 
is of two animals that unite to produce young, the greater is the 
probability that, together with a pei^ectly undetermined mix- 
ture of the parental characters, new characters may ai-ise which 
do not occur in either parent. The cause of the disturbance 
thus arising in the constancy of the specific character is the act 
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of sexual union. Hence we may further infer that sexual union 
is in itself an auxiliary to the interruption of the constancy of 
species, even when it is effected between two individuals of the 
same species ; only in this case it is worked out by nature with 
far less violence, as I may say, than in cases of true hybridisa- 
tion. And this agrees with the results of investigation in the 
domain of botany, for Sachs, in his ' Text-book of Botany/ 
expressly says that there is no essential difference between the 
self- fertilisation of pure species or vaiiefcies, and fertilisation by 
other species or varieties, and that in the case of true hybridisa- 
tion many peculiar characters attributable to sexual differentia- 
tion and agreement are brought into greater prominence. From 
all that we know at present the interruption of the constancy of 
speciBc characters may be regarded as one of the most conspicu- 
ous of these peculiarities. 
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CHAPTER XII. 

THE SELECTIVE INFLUENCE OF LIVING OBGANISMS ON ANIMALS. 

In the foi*egoing chapter we have seen that two organisms com- 
ing into physical contact may be able to exert a permanent 
transforming influence over each other. But this purely 
mechanical transforming or modifying process must always 
liave boon preceded by selection ; for if all the larvsB which 
creep or swim on the earth or in the water were equally capa- 
ble of settling on any plant or animal that accidentally came in 
their way, these species would certainly be extirpated. Thus, in 
order that such animals may continue to exist as are capable of 
affording shelter or food to a certain number of others, they 
must be enabled to make a selection between the species which 
crowd upon thcni as commensals or as parasites. This selection 
may under some circumstances have been already effected by 
the other conditions of existence, a.s we saw in the first section ; 
])ut a second process of selection may be performed on those 
forms which have been able to outstep the limits thus imposed 
upon them, by the animal they choose to settle upon. This is 
of course always imdesigned. A very striking example of this 
selective power of individual animals on the larvae of parasites 
is offered by the different forms of the family of the Bopyridaa 
among the Crustaceans. Many of the species, and particularly 
those of the genus Bo'pyrus (see fig. 38), live in the branchial 
cavities of crabs or of tailed Crustaceans, in which they always 
produce an enlargement — sometimes a very considerable one— of 
the branchial cavity. We may suppose that the young larvsB 
pass into it with the current of water which enters the branchial 
cavity close to the mouth to supply the gills with fresh water, 
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for there is no other and certainly no more convenient way. 
This stream enters both the gill-cavities at once ; it is therefore 
easy to understand that the larvae sometimes get into the right 
and sometimes the left cavity, and also that in the course of 
their growth, which is probably very rapid, they must hinder 
other larvae from settling in the same spot, or perhaps they feed 
on the later arrivals as an easy prey. But it is highly remark- 
able that when one individual has established itself in one bran- 
chial cavity it is impossible for another animal of the same 
species to settle in the other unoccupied gill-cavity ; so at least 
we may conclude from the fact that hitherto no case has been 
described of the simultaneous occurrence of two individuals 
in the gill-cavities of the same Crustacean. I myself, though 
I have collected and studied hundreds of these animals, have 
never met with one exception to this rule, and my observations 
have been confirmed by so distinguished a student of the 
natural history of Crustaceans as Professor Gerstaecker.* So 
far as I can see, there is only one possible way of explaining this 
striking fact. The guest already in possession of one of the 
cavities — let us say the left — cannot of course directly prey 
upon or turn out the larvae brought by the current into the 
other unoccupied cavity ; it can only do this indirectly, by so 
influencing its host that after the establishment of the first in- 
truder it is no longer fit for the reception of a second. ^^2 

Where, as in this case, the two difierent animals do not 
come into actual contact and yet exert a definite influence on 
each other, this under all circumstances can only be a selective 
action, and this selection, as is well known, may be effected in a 
variety of ways. With regard to the end I have in view, it 
would be superfluous here to discuss all or even most of these 
ways ; the general result will be set in a full light by consider- 
ing a small number of examples. But before we more closely 
examine the means which nature has bestowed on animals to 
give them the advantage in their relations towards others, it will 
be desirable to say a few words in general consideration of those 
mutual relations of any two animals which are called forth 

♦ The well-known editor of the section on Crustaceans in Bronn's 
great work on Greneral Zoology. 
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by their respective struggles for the same conditions of 
existence. 

The competitioii for similar conditions. — Tt is self-evident 
that different animals, or different individuals of the same 
species, must often come into antagonism in their search for food 
or for other things. In such cases the struggle will be the 
severest when they belong to the same species; for as they then 
will have approximately the same aims and about the same 
strength, skill, and powers of resistance, the combat for the 
hunting ground, the female, or for dead prey must be moi'e 
severe than when the antagonists, belonging to different species, 
have in consequence different needs and tastes, and exhibit a 
conspicuous difference in their strength of body or in their 
weapons of offence and defence. In the latter case even, undei 
certain circumstances, the struggle to obtain possession of the 
same object may come to an issue without any personal combat ; 
for if the two creatures attack the prey in a different manner 
both may be satisfied before they come into collision, and a 
personal combat will be averted. When, on the contrary, two 
individuals of different species can apply the same, or nearly 
similar, means for appropriating and keeping possession of the 
booty, just as virulent a contest must ensue as between two 
individuals of the same sj)ecies. 

Any such direct battle between two animals, whether of the 
same or of different species, must always result in selection. 
The phrase ' Survival of the Fittest ' is a happy one, but it is a 
somewhat rough and not perfectly exact expression of the out- 
come of such cases ; for it is certainly not always the fact that 
a species which is not qualified to conquer in such a personal 
contest with one species not its own, must be equally incapable 
of triumphing in a struggle with another, and so inevitably 
perish. This could be the invariable result of such a struggle 
only when the life of an individual or the existence of a species 
depended solely, and in every particular, on those conditions 
which had occasioned the strife of the two combatants. 

But, besides this, as has already been remarked on manv 
sides, this selection by direct personal combat does not depend, 
as many imagine, exclusively on it and on the mode in 
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which it is more or less successfully conducted by this or that 
individual, but also on the reaction of those very conditions for 
the possession of which the struggle took place. An example 
will here be appropriate. Supposing that two suitors of the 
same distracting beauty agreed to fight a duel for the possession of 
the fair one, the surviving lover could be designated as fortunate 
only in the event of its having been understood that he would 
thus win the lady's affections. This example illustrates, with a 
little exaggeration of course, the indisputable fact that in every 
case of a competition between two animals for one. and the 
same object, this object itself must have a certain, and indeed a 
selective, influence on the ultimate results of the contest. Sup- 
posing that two larv8B of dissimilar species of Bopyrus should 
meet at the entrance of the same branchial cavity and begin a 
struggle for the possession of it, under certain circumstances the 
parasite to which the cavity did not properly belong might 
come off victorious, but this would avail it but little, since it 
could not live in the branchial cavity of which it had obtained 
possession. The larva of an insect boring and living in wood 
might perhaps in the same way be able to conquer another 
which was accusbomed to live and bore in leaden bullets ; but 
it is extremely doubtful whether the wood-borer w:ould thus be 
enabled to live in the lead. Exactly the same thing occurs 
between two individuals of the same species. We might 
perhaps be inclined to assume thict the tendency of two indivi- 
duals to possess themselves of the same object was of itself a 
satisfactory and sufficient proof that both animals must be 
equally well fitted for the condition of life in dispute, but 
nothing could be further from the truth than this assumption. 
If, for instance, two men contend for the same office, a presi- 
dency or a professorship, under all the given circumstances one 
will be better fitted for the post than the other, and if among 
men this better qualification were the sole condition of selection 
the post would always be filled by the best candidate ; the post 
itself would effect the selection by the qualifications which it 
demands. It is pi-ecisely the same with animals. When two 
lions or wolves fight for a prey, the stronger will undoubtedly 
^* in ; but if the conqueror happens to liave a bad digestion, in 
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spite of his victoiy he will not be able to derive the same 
benefit from it as the weaker might have done in the same cir- 
cumstances. 

The capabihty of an animal for winning a suitable position 
in life can never depend on one qualification alone, as for instance 
the possession of powerful weapons. If we suppose that all the 
Nauplius-larvae of a Pachybdella were simultaneously produced, 
and that they consequently all started simultaneously on a race 
for their place on the abdomen of a crab, the victory would 
naturally rest with the best swimmer. But the very organ 
which had secured it this success would subsequently be of no 
further use to it, since its powers of attachment and therewith 
its final success in life de^Dend on the clinging antennae of the 
larva. Supposing, then, that the individual arriving first were 
ill-furnished in this respect, all the benefits of the. victory would 
be lost to it, since the crab might possibly be able, by a 
vigorous movement of its hinder parts, to get rid of the unwel- 
come guest. If the conquered laggart and inferior swimmer 
were to arrive at this moment, and if it possessed better organs 
for clinging than the foremost one, it might, though originally 
beaten, finally become the possessor of the field — on the abdo- 
men of the crab. 

Thus the selection eflfected by the issue of a direct combat 
for any particular condition of existence can only lead to further 
results when the surviving party is also qualified to secure the 
benefits of the victory. This point, as it seems to me, has not 
seldom been lost sight of by Darwin^s followers, and still more 
by his opponents, who have frequently designated direct combat 
as the only means of selection. Darwin himself, I am perfectly 
convinced, never meant to say that a direct struggle between 
two individuals was the only or even the most important means 
of selection made use of by nature in the process of natural 
selection. Nevertheless, the struggle for existence cannot but 
be rendered more severe by the occuiTence of such personal 
combat than it already is ; and since this will chiefly occur when 
the individuals are as nearly alike as possible, it must, no doubt, 
very frequently be a means brought into play by nature to 
effect a selection between several varieties of the same species 
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lying at her disposal for the end and purpose of forming a new 
species. But this must depend not only on the reaction of the 
object or condition fought for, but also on the qualifications 
which the individual — or the variety — brings into the contest ; 
and it will be advisable here to examine somewhat more closely 
the relations thus originating between different animals. 

The relations of the pnrsned and the pnrsners. — The 
means adopted by nature to give one form the victoiy over 
another are endless in variety. Muscular strength and power- 
ful natural weapons give the advantage in some cases ; swiftness 
of limb, nimbleness and skill in others. Neither cunning nor 
instinct, nay, not even really intelligent characteristics, are 
always capable of contending successfully with antipathy or 
sympathy; persevering inactivity or even overweening stu- 
pidity sometimes secures a great advantage in such a contest. 
The proverb is a familiar one, * The gods themselves cannot 
contend against stupidity * — a firm belief in any dogma, be it the 
most stupid in the world, gives it a certain power and affords its 
adherents the confidence they need under the attacks to which 
it is subjected. The weak or the timid will often find a protec- 
tion in the semblance of courage which they may be able to 
put on. In short, there is no quality of body, of mind, or of 
instinct which may not, on occasion, prove a powerful weapon 
of offence or of defence. The very various external weapons used 
by animals in personal combat are familiar to every one. One 
species uses its teeth, another its feet, or both together, like the 
elephant ; the bird uses its bill, wings, or legs and spurs ; the 
apparently ponderous horn on the nose of the rhinoceros is a 
formidable weapon, and the rattlesnake has one no less danger- 
ous at the end of its tail ; the abdominal glands of scorpions and 
ants, or the poison glands in the mouth of venomous snakes and 
in the maxillary glands of spiders and centipedes, the foetid oil- 
glands of many caterpillars, of bugs and beetles, and of many 
fa3tid species among the Yertebrata, are all so many weapons 
available alike for defence or attack. Many of them — probably 
by far the greater number — are very constant in their occurrence, 
and in their structure, size, and form ; other characters, as those 
known as secondary sexual characters, particularly in insects, 
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ai-0 fretiuently very variable in their peculiarities. This last 
cireumataiice has given rise quite recently to an objection to the 
applicability of Darwin's principles which I will here take the 
opportunity of discussing briefly. 

Kramer asserts, on the ground of a very elaborate mathe- 
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matical calculation on the method of the doctrine of chances, 
that, assuming Darwin's principles as the basis of such a calcu- 
lation, the extreme forms of a series of varieties must be less 
numerous than the intermediate forms, and in the same way th&t 
the production of excessive deviations mu^t also be possible ; 
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the result would be a chaos of male forma gradiwlly pasaiDg into 
each other and all belonging to a single female form. And he 
adds that this i-esult, mathematically calculated, stands in tren- 
cliant contrast to the iacts, for it is known on the contrary that 
the secondary sexual characters of male beetles, in by far the 
greater number of caaos, are extremely constant. 





But Kmmer lias not taken one element into his calculation 
which ought, imdor the circumstances, to have been duly con- 
sidered ; he calculates only the resuha of an unlimited capacity 
for vai-iation in the males, while it is precisely this variability 
■which, according to Darwin's views, will be limited by sezua) 
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selection, though not wholly prevented. Thus Kramer's calcula- 
tion only holds good for those cases in which the causes that gave 
rise to the occurrence of deviations from the parent species con- 
tinue to act unchecked and uniformly, and alone determine the 
final result. He denies, indeed, that such cases can occur, but, 
as it seems to me, without reason. For, particularly among 
tropical species, there is a not inconsiderable number of such 
instances, one of which is exhibited in the accompanying cut (see 
fig. 96) of the extreme forms of the male Cladognathus^ Here, 
according to my enumeration, the varieties standing about mid- 
way between the two extremes represented occur in by far the 
greatest numbers ; towards each extreme the number of indivi- 
duals gradually diminishes, till at last, of the two extreme forms 
only one of each was captured among hundreds of others. 

The Lamellicomes in general, beetles with flat leaf-like 
antennae, exhibit a marked difference in the form of the two 
sexes ; the males very frequentl}- have large or small horns on 
the head, while the females are usually devoid of them. This 
is most conspicuous in the Goliath beetles, as they are called, of 
which many species are very common in the tropics. Some- 
times the horns of the males vary in a quite extraordinary degree ; 
as an illustration I here subjoin the extreme forms of the male 
of Chalcosoma atlas, a species mentioned by Darwin (see fig. 
97) ; one form is the original typical Chalcosoma atlas, of Erich- 
son, the other, smaller one, G, Phidias of Blainville. I have 
captured many hundreds in the Philippine Islands, and from 
among them have selected the two specimens here accurately 
drawn from nature. They are the two most extreme forms of a 
quite distinct series, and I call positively assert that they are 
both of the same species. It can be seen that the larger indi- 
vidual has four large horns, one of which belongs to the head 
and three to the prothorax ; the smaller specimen shows only 
a trace of the horn on the head ; the middle horn on the pro- 
thorax has disappeared entirely, while the two lateral horns are 
not merely absolutely smaller, but much smaller in propor- 
tion. 

Darwin has adduced similar cases, and not only of insects, as 
Ki-amer seems to suppose, but of Crustacea, Spiders, Bii'ds, and 
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Mammals. All these examples consequently display, in a con- 
spicuous degree, those very phenomena on which Kramer calcu- 
lates, but with the omission of an essential factor, namely, that 
very factor which, according to Darwin, is, under the form of 
* sexual selection,* one of the chief agents in effecting the selection, 
i.e. the preservation of extreme and particularly favoured varie- 
ties. If, on the other hand, we take this factor into the calculation, 
the numerous cases so strongly insisted on by Kramer, of great 
constancy in the distinctive characters of male beetles, may be 
very well explained by Darwin's principles. According to these 
the selection effected in these instances by the physiological 
bearings of the organs in question has already acted, and has 
selected, and consequently rendered constant, those species 
which had special advantages in the struggle which led to the 
selection ; while in those cases of still prevailing variability for 
which Kramer's calculation holds good, no such physiological 
bearings can have been at work. For it must not be forgotten 
that neither natural nor sexual selection can originate new- 
characters, but can only come into play when some active 
mechanical causes have given rise to such modifications in 
organs already existing, as are capable of introducing some new 
physiological correlation. So long as this does not take place, 
the force which originally gave rise to the deviations, i.e, the 
variability, will still be able to act unchecked. Now the ques- 
tion as to how an old organ njay come to have a new physio- 
logical value, in relation either to the other organs of the same 
creature or to the external conditions of existence, is evidently 
one of great importance ; and this seems to me a suitable oppor- 
tunity for studying it with reference to an actual example, 
namely, the eyes recently detected by myself on the back of an 
Onchidium, a naked mollusc. 

It is universally known that almost all imi valve Mollusca 
have two eyes either at the tip of the tentacles or at their base. 
These eyes are extremely different as to structure from those of 
the Vertebrata. In all eyes, without exception, the optic nerve 
is gradually merged in a layer of tissue which includes the ter- 
minating fibres of the nerve and is known as the retina ; these 
fibre ends are the rods and cones, or columnar layer. In Verte- 
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bi-iita {see fig. 98, h) the optic nerve penetrates the outer skin of 
the ej-e, and ajHeads out on its itmer surface between it and the 
Ions in such a way tbnt these ends of the neive are turned away 
from the lens and thus have their free ends directed outwards. 
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In the eyes found on the tentacles of snails (see fig. 98, a) these 
rods are in the contrary position ; the surface of the tips is turned 
towards the lens. Thus, in the former, the layer of rods and 
cones itself is pierced by the opt'c nerve, and in that spot of 
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course none can be formed ; heoce vertebrate animals are blind 
in tbat particular spot, which is in fa^t known scientifically 
as ' the blind spot.' Such a spot is absent in the eyes of the 
second category ; the optic nerve extends over the outeide of the 
eyes, and the rods and cones situated within cover the whole 
inner surfiiee of the ret a uniformly 

So iar as concerns tl 6 eyes pi ced on its bead the genua 
Oncfddiura in no way diflers from the all ed groups. But the 
greater number of spec ea n th genus are further distinguished 
by having other eyes s tuated on the shell less but coriaceous 
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back of the Bnimal. These dorsal eyes (pee fig. 99) are extremely 
interesting, for, simple as they ai-e in structuie, they are iden- 
tical in type with those of tbe vertebrata. A comparison of 
tbe two sections here given of the eye of a vertebrate animal 
and of one of these dorsal eyes will sufiice to exhibit tbe 
resemblance ; in both there is the ' blind s]X)t,' because the 
optic nerve must pierce the external layer of the retina ; and in 
both the layer of rods and cones forms the outer layer of the 
retina. This is tbe only example hitherto known of an eye > 
so constructed in an invertebrate animal. 
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It is evident that these eyes must be of the greatest im- 
portance in the life of the animal possessing them. In the 
first place it is simply inconceivable that well-developed eyes, 
capable of fulfilling their functions, should be useless. If eyes 
occurred in other univalves in the same place as in Onchidium, 
we should naturally think at once that the dorsal eyes of 
Onchidium were degenerate eyes ; but they are found exclu- 
sively in this genus, whence we may infer with considerable 
confidence that they must have originated in it. But suppos- 
ing they were, nevertheless, rudimentary eyes inherited from 
extinct ancestors ^^^ of this family, they must in some way 
prove themselves to be such ; we should expect to find some 
part absent — the lens, or the rods and cones, or the pigment of 
the retina. All these parts, however — recognised as being 
essential to the normal use of the eye — are present in the dorsal 
eyes of the Onchidium, and not in one si)ecies only, but in above 
twenty forms that I myself have examined. Finally, all these 
twenty difierent varieties of dorsal eyes represent an unbroken 
series, from those of very low development up to the highest, 
and they all exhibit the essential parts of a seeing eye, varying 
in arrangement, it is true, but quite normal in structure. This 
irrefutably proves that these eyes have originated independently 
in the family of Onchidiadae, and that they are no doubt of 
great importance in the life of the mollusc. 

During many years of travel in tropical regions these eyes 
were perfectly unknown to me ; but on other grounds I had 
devoted much attention to the mode of life of the Onchidia. 
They live exclusively on the seashore or in brackish marshes ; 
they creep along close to the edge of the water, hiding in clefts 
of the rocks or under large stones. Together with them, in the 
same spots, live numerous specimens of two genera of fishes, 
PeriophthalmiLS and the nearly allied Boleophthcdnius ; these 
skip along the strand with long leaps, evidently seeking their 
food, which, besides insects, consists principally of this very 
genus of mollusca. This, as it seems to me, affords a way of 
accounting — though only hypothetically, it is true — for the 
development of these dorsal eyes. The Onchidia are terribly 
slow creatures, perfectly incapable of escaping or of withdrawing 
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rapidly into a rift for Nlicltcr. They eat nothing but sand, 
which they shovel into the gullet through the mouth, as do 
some of the Eciiinoderms ; of course they only digest the nutri- 
tious organic particles which are mixed with the sea-sand, 
ThuR, in order to find suitable noui-isliment, they must often 
be exposed to the gaae of the swift fish that leap rapidly 
along the edge of the sea, aa well as to that of other animals. 
Flee they cannot ; a house into which to ci-eep — like many other 
molluscs living equally exposed— they htive not ; they have 
neither spines nor jaws with which to defend themselves ; and 
the eyes on their Ijack, which are capable only of warning 
tliem of the approach of danger, do not avail to provide them 
with protection; in short, even with these dorsal eyes they 




seem to be petfectl^ defenceless ag^lnst their pur-uers Still, it 
would cei-tunly be very stnnge timt such eves eloiild be deve- 
loped here and only in this particuhr genua without being 
qualihe 1 to be of any leal advantage to them since they cer- 
tiinh cinnot requ ro eyes on their back — usefil no doubt, for 
looking lip to heaven hut qiite useless for looking down on 
nth — 111 ordei to hnd then food which lies close before them 
111 the sand under their mouth. 

Hence, if these eyes were in fact to be of some service to (he 
niolhisc, it must ha^'e bei-n also provided with some sort of 
weapons, iind in point of fiii;t such weapons do exist in every 
species that has such eyes. The skin of the back is very thickly 
Bet witli minute glands, of which the contents are not perfectly 
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fluid, but rather a kind of concretion, and the pores for its 
emission are excessively fine, so as to be hardly discernible. 
Moreover, these are closely suiTounded by a circular muscle, so 
that by its contraction the openings of the glands are easily 
closed. Feeble contractions of the skin, such as inevitably 
occur in the act of creeping, cannot consequently express the 
minute globules of the secretion out of the glands ; the moisture 
cannot exude. But supposing that a Periophthalmus approaches 
suddenly and with rapid leaps (see ^g, 100) ; it rises — as I have 
often seen — several inches into the air, and may thus not un- 
frequently throw a shadow from some distance off, on the back 
of the slowly creeping Onchidium, and of course alarm it greatly. 
The mollusc has all its eyes— and I have positively counted 
ninety-eight on one specimen — turned upwards in various 
directions; suddenly aware of the fish, or of its shadow, it 
quickly draws up its whole body, thus contracting the glands in 
the skin on all sides with considerable force. Granting that 
this force is sufficient to express the globules of secretion from 
the pores of the glands, these, as the skin contracts, must inevi- 
tably be expelled from them ; instead of flowing over the skin of 
the creature's back, they will be shot into the air in hundreds 
— or thousands — towards the pursuing fish ; the fish, now 
alarmed on its part, and hit by the shower of minute shot, 
which may be in some way injurious or offensive, retires from 
the pursuit, and the Onchidium is safe. 

Of course, as I have already said, this is merely an hypo- 
thesis ; the question nevertheless arises whether it may not be 
■possible to show by indirect evidence that it is extremely 
probable. 

It would, no doubt, be quite conceivable that the Onchidium 
might be able to defend itself in the mode I have suggested, not 
merely against the Periophthalmus and Boleophthalmu^, but 
against other foes. But if, as I believe, these two fishes are 
actually the only, or at any rate the most dangerous, enemies 
it has to dread, and if the eyes and glands thus serve as 
weapons of defence against these fishes only, we must expect 
that wherever these fishes occur Onchidia with dorsal eyes will 
be found. This is in fact the case. The Periophthalmus is 
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found in North Australia and the western portion of the 
Pacific, in the whole of the Chinese Seas as far as Japan, in the 
Indian Ocean and the Malayan Archipelago, and on the east 
coast of Africa. The Onchidia with dorsal eyes have precisely 
the same distribution. 

Only one exception existed until lately. On the coast of 
Congo, where, from GUnther's catalogue of recent fishes, Peri- 
ophthalmus has long been known to exist, no Onchidium had 
been found, and even in the latest list of African land-moUusca, 
which we owe to the industry of Martens, no Onchidium is in- 
cluded. However, in answer to an inquiry from me, I was 
informed by that admirable malacologist that he was in posses- 
sion of several species which had lately been brought back from 
Congo by the German exj[>edition to that coast. He was good 
enough to send mo a specimen to examine; but unfortunately 
it reached me in so bad a condition that it was impossible to 
arrive at any positive conclusion with regard to the presence or 
absence of dorsal eyes. 

It therefore is possible that the Onchidium found on the 
West African coast may not have such eyes, and thereby a 
strong argument would be raised against the hypothesis I have 
put forward. For, according to that view, we should be inclined 
to regard the dorsal eyes as an organ indispensable to the genus, 
since by them only could its extirpation by the fish be pre- 
vented. However, there are spots where the fishes which we 
regard as the chief «nemies of the Onchidium do not live, and 
where nevertheless the molluscs occur and are by no means 
i^are. One species, long since described by Cuvier as Onchidium 
celticum, is found on the Atlantic shore of England and France ; 
another occurs in America, on the high northern coast ; others 
afirain live on the west coast of both North and South America : 
the Galapagos Islands have their peculiar species, and in the 
ei stern parts of the Pacific, as in New Zealand and Australia, 
many species are found. In all these places the fishes are 
a})sent, and all the species of Onchidium here mentioned — 
almost all of which I have examined anatomically — are devoid 
of dorsal eyes, and at the same time of the glands which, acting 
as weapons, can alone serve to demonstrate the use of the dorsal 
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oyes themselves. Here, where the molluscs seem to be exempt 
from pursuit, the eyes and the weapon would alike be useless, 
and it is quite intelligible that they should not be developed on 
the back in these species. It is easy too to understand that 
they must have degenerated if aucestral Onchidia provided with 
eyes migrated to these regions, where, in consequence of the 
absence of the fishes, both the organs for defence and those for 
warning immediately ceased to be of use. In this way the 
absence of dorsal eyes in the species living in localities where 
there were no hostile fishes would seem to be a confirmation of 
the view suggested : That the eyes of those species furnished 
with them are of use in the way above described. One single 
difficulty, however, remains ; the West African Onchidia perhaps 
have no dorsal eyes, and one single species living in the Western 
Pacific certainly has none, though it lives associated with those 
fishes, the hereditary foes of its race. But even this exception 
may easily be explained by a somewhat closer consideration of 
the structure of the genus, and of the mode of development of 
the dorsal eyes. 

In a former chapter I have already pointed out that every 
living cell or group of cells must possess every attribute of living 
protoplasm ; they must be able to move or change their form ; 
tliey must bo capable of assimilation, reproduction, respiration, 
and secretion, and finally thoy must be capable of elaborating 
external impressions, and, if I may say so, of transmitting 
them to their consciousness. We know, moreover, that a lens 
has the property of collecting in a focus the different rays which 
combine to make white light, and hence it follows of course 
that in every papilla of an animal's skin, that is either spherical 
or formed on any other regular curve, a similar conver- 
gence of the i-ays falling upon it must ensue if these portions of 
the skin are only sufficiently smooth and transparent. The 
chemical rays or heat-rays which are thus concentrated by the 
papilla on any point lying within the skin, must be able to act 
upon some of the cells they impinge upon differently to others, 
since the reaction of two contiguous cells must always be 
slightly different. Thus certain cells will be particularly stimu- 
lated to an increased exertion of the secretive action which is 
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common to them all, and these will become gland-cells ; while 
others will not be stimulated at all, or be modified in some other 
way. Now, supposing that the cells, as yet unmodified, and 
lying in the focus of the lens or the papilla, were to come 
into contact with a sensory nerve, they might easily be con- 
verted into true sense organ-cells, since they, as living cells, 
possess the inherent capacity of reacting on external impressions 
in the way to which we give the name of sensation ; in the first 
instance, no doubt, these sense cells could only transmit general 
sensations, and in this respect would at most be distinguished 
above the other contiguous cells by possessing that general 
sensibility in a somewhat higher degree. If now, in conse- 
quence of any influence, the cells of the epidermis subjacent to 
the lenticular prominence became surrounded with pigment, so 
that the rays concentrated by the lens could penetrate no 
deeper, it would seem that the first impetus would be given 
towards the development of a true eye. It may be assumed 
that this primitive eye would in the first instance only be capa- 
ble of distinguishing different shades of light and darkness — a 
full light from a shadow. From this, by itself alone, the 
animal would derive no advantage, since this eye, though sensi- 
ble of the shadow of a pursuing fish, would only give warning of 
the danger. But the same cause which originated the eye — i.e. 
the regular convex curving of the prominent part of the skin — 
will also have been capable of modifying some of the cells of 
that primitive cellular mass into gland-cells, and thus a weapon 
will have been formed. Not till then could Natural Selection 
step in with its stabilitating and extending influence, and develope 
from this simple eye, capable only of distinguishing light and 
shade, a perfected organ qualified to give an exact image of the 
fish in pursuit ; and the glands when necessary, in the same way 
could become more effective weapons than they were at their 
first origin. 

A pretty theory ! may perhaps be said — but unfortunately 
merely an hypothesis. Granted. Nevertheless, I was able, in 
the course of my investigations of the development of the dorsal 
eyes as it takes place in nature, actually to observe all the 
stages, just as I have here deduced them from an hypothetical 
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construction of t!ie possible process of development of such an 
eye from the simplest conditions. A short account of these 
observfttions will liere be of service. 

All the species of Onchidium observed hy me, the blind as 




well as those tliiil can see, are covered with a great number of 
tubercles of various sizes, of which the surface is everywhei'e 
curved very regularly and is at the same time quite smooth. 
The intervening portions of the skin of the back are, on the 
contrary, distinguished by much roughness and granulation or 
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wrinkling ; hence in these intermediate spaces no uniform re- 
fraction of rays of light can take place in any one point, while 
it can in the smooth rounded papillae. These vary greatly in 
size, and they constantly increase in number with the age of the 
animal. The smallest have beneath the cuticle, or outer skin, 
merely a simple cellular layer — the epithelium— like all uni- 
valves. The next in size show, exactly in tHo centre of the 
papillae, a cellular mass growing inwards and downwards from 
the epidermis (see ^g. 101, the upper fig. to the left), in which 
one or two cells may akeady be discerned as the basis of future 
gland-cells ; in the next this group of gland- cells are pushed 
aside by another cellular mass proceeding in the same way 
from the epidermis at the summit of the papilla (see fig. 101, 
right, top fig.) and of peculiar aspect. Subsequently the inner- 
most cells of this last-named mass become conspicuously modi- 
fied, they increase much in size, their contents become peculiarly 
granular, and their circumference highly refractive, and then a 
fine nerve may be seen proceeding from the interior of the skin 
towards this cellular mass. In still larger papillae we find 
roundish cell-bodies which are in direct communication with a 
nerve, and which at the back are already partly surrounded by 
pigment (see fig. 101, bottom, left fig.). At the spot where the 
nerve enters, and where the pigment layer is not altogether 
closed up, there are a few peculiar cells which are of precisely the 
same size and aspect as the cells above mentioned in the largest 
papillae without pigment. Finally, the pigment layer closes 
round the central cellular mass, and the primitive rudimentary 
eye is complete. 

The structure is not, of course, thereby definitely completed. 
Very striking modifications now take place in the central 
bodies, composed of homogeneous cells and enclosed in pig- 
ment ; one of them, lying nearest to the prominent surface of 
the papilla — the cornea— grows more than its neighbours ; soon 
others do the same, and a true lens, consisting of at least four 
cells, is thus formed. The still unmodified cells, lying between 
the lens thus formed and the pigment sheath, now are trans- 
formed into a retina of which the structure has been a]x>ve 
described. The process and conditions here described, and con- 
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firmed by actual observation of the development of one of the 
most highly developed dorsal eyes of the Onchidium, coincide — 
as I think must be allowed^ with the phases of development 
previously set forth on hypothetical grounds as being those 
proper to the formation of an eye. if we assume that by the 
simple property of a regularly curved and smooth surface of a 
papilla of the skin, all the light, heat, and chemical rays of a 
beam of light must be made to converge in one point. 

If the foregoing chain of argument is correct, as I cannot 
doubt, we have here detected an organ of extremely complicated 
structure in the very process of formation ; and this instance 
proves, if indeed further proof were needed, that, as Darwin has 
often insisted, an organ can never be created by natural selec- 
tion, but can only be modified and improved by it. Sometimes, 
no doubt, expressions are used, even by naturalists, which 
miglit lead us to suppose that they were of opinion that an 
organ might originate from its use — thus, in this case, an eye 
from the act of sight ; this, of course, is absolutely eiToneous. 
Sight, on the contrary, cannot occur till from other causes — 
as in this instance the direct stimulus to the skin — those parts 
have been formed which must be in existence before sight is in 
any way possible. Here, in the dorsal eyes of Onchidium, in 
the first instance it was the concentration of light on a certain 
point within the skin, wliich was occasioned by the form and 
structiu-e of the papillae, and the consequent modification of 
certain cells, which gave rise to a primitive organ of sight, and 
this organ was capable of still further development through 
natural selection, since, from the very first, it contained within 
itself the elements of further pei-fectibility and modification. 

It follows, moreover, that if at any time such a primitive eye 
were developed in an animal which was not exposed to this 
process of natural selection by its association with a fish that 
preyed upon it, the organ, being useless, would disappear or at 
any rate degenerate. And this actually is the case, as we have 
seen ; for all the species of this genus which live where the 
Peiiophthalmus does not, are devoid of these eyes. Only one as- 
certained exception is as yet known — the above-mentioned species 
of Onchidium which lives associated with species that can see 
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and with the preying fish, though it is itself blind. But this 
si^ecies is found exclusively on the outer limits of the region 
inhabited by Periophthalmus, namely, on the south-east coast of 
Australia and in the cential i-egion of the Pacific. Also the 
species spoken of as living on the West coast of Africa, and 
which is probably blind, belongs to such another frontier dis- 
trict. Now it is, of course, not much to be wondered at, that 
in these frontier districts a blind form should occur among 
those that can see. But there is a much more striking argu- 
ment for allowing this exception again to serve as confirming 
the rule. While all the truly blind species of those regions 
whence Periophthalmus is absent, are devoid, not merely of 
developed eyes, but of the first elements for forming them, and of 
the accompanying weapons — having no dorsal glands whatever, 
since without these the eyes would be useless — the blind species 
of the Pacific has both the glands and the cell-gi'oups inside the 
papillce agreeing precisely in structure with a middle stage in the 
serie4S exhibited in the formation of the very highly developed 
eyes of Onchidium verruculatum. Thus here we seem to have 
a species in which either eyes formerly existing have begun to 
disappear from desuetude, or the construction of a true organ 
of sight has been begun by the coincidence of the three factors 
which would give rise to it.*^* 

I have treated of this example somewhat in detail, on purpose 
to define as clearly as possible the limit line where the external 
modifying causes which we discern as giving rise to a new 
organ — or rather as transforming one already existing into 
another — cease to be effective, and where those selective influ- 
ences begin to act which determine the further perfecting of a 
newly developed organ. 

I am, moreover, convinced that in every case, by a corre- 
sponding method of research, the same limit-line will be easily 
detected. That it is not yet recognised, nor even in most cases 
supposed to exist — so that it is often difficult to avoid a con- 
fusion between the transforming causes and the purely selective 
ones — is, in my opinion, entirely due to our having hitherto 
been satisfied with mere general speculations on Darwin^s theory, 
ind having neglected to investigate the innumerable problems 
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which it suggests, but which can only be solved by experiment. 
I shall here discuss another important instance of the same kind 
which is very much to the point — the Means of Protection, 
namely, bestowed by nature on both pursuers and pursued to 
enable them to attain their end, that is to say to capture their 
prey on the one hand, or to escape capture on the other. 

Protection by iinitation of sxirroiLnding objects. — It is well 
known that a great number of living animals are enabled to 
escape their pursuers by their more or less strong resemblance 
in form and colour to the objects among which they live, in 
which case the resemblance is protective ; while others, on the 
contrary, are specially qualified by the same circumstance to 
pursue their prey with success. Thus a crowd of new agents of 
selection among forms are added to those already discussed in 
the former chapters. For it is self-evident that every alteration 
that takes place in the co-ordination of the conditions which 
surround any given species of animal must deprive it of the pro- 
tection it derives from its resemblance to a particular plant, let 
us say, if that very plant is exterminated ; and in the same way 
that an accident of colouring, which has hitherto occasioned no 
special resemblance to any object, may suddenly become a 
powerful instrument in facilitating attack or self-defence. Thus 
a selection will be effected between different forms which had 
previously been equally protected. ^^^ 

It is, of course, impossible to investigate in this place the 
greater number of the known cases of such protective resem- 
blance, and it will sufiice to discuss a few of the most instructive 
examples. I shall here adopt the arbitrary division of these 
cases into two classes, which has become general : mto those, 
namely, of the resemblance of animals to inanimate objects — as 
stones, sand, the soil, and living plants — and those of resem- 
blance to other living animals ; but merely for convenience sake, 
since I can find no principle on which such an artificial division 
can be based. 

It has long been a well-established fact that very many 
animals are effectually protected against their enemies by their 
resemblance to stones or sand, lichens, leaves and twigs ; and 
every one who has at any time been engaged in collecting 
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insects is familiar with numerous instances of this kiud. Many 
birds and quadrupeds that are regularly hunted by men have 
become extremely rai« in many places, because, though they a,vo 
to a great degree protected agaiust theii- enemies among other 
animals, by the resemblance of the colours of their feathers or 




fur to the objects among which thoy live, man can employ a 
variety of means of attack or pursuit against which the protec- 
tion of resemblance is ineffectual. The zoologist wbo should 
attempt to capture tlie perfectly transparent creatures which 
swim at the sui'face of the sea without using a net for straining 



384 THE INFLUENCE OF LIVING SURROUNDINGS. 

tho water, would certainly catch but a very few individuals 
with a glass vessel, for only under the most favourable circum- 
stances would they be visible to him. A resemblance of colour 
to that of various pai-ts of plants is in many cases increased in 
eflicacy by the habit many creatures have of squatting close 
and motionless when they are pursued, so that their resemblance 
to a leaf or branch is greatly increased. The caterpillars of 
several species of butterflies are familiar to every one, as well 
as the * dry leaf insect * (see fig. 102) ; this belongs to the class of 
loaf-eating grasshoppers, to which also belong the Phasmidse, 
walking-stick insects (see ^g. 32). They are perfectly harm- 
less, and their resemblance to the objects which surround 
them is evidently only a means of escape from their pursuer. 
It is quite otherwise among the predatory Mantidsa, the best 
known of which is the * praying mantis ' {Mantis religiosa). In 
the accompanying cut I have represented a species of the genus 
Acaiithops which has an extraordinary resemblance to dry 
leaves, but in this case the resemblance must be available in 
facilitating attack. Thus the same character may conduce to 
two difierent ends, attack or defence. 

Besides the cases of protective resemblance in form and 
colour, which I have here briefly indicated, there are others 
which we might feel disposed to regard as the exaggeration of 
such a means of protection. In all the instances here mentioned 
the chaiacter of the form and colouring serves for purposes of. 
concealment, irrespective of whether the ultimate end is offen- 
sive or defensive. But in many instances of brilliant and 
conspicuous colouring the case is quite otherwise, particularly 
among insects ; their colom'S are so splendid, and the markings 
on tlie wings or body so striking, that they must inevitably 
attract the gaze of every insectivorous creature. Thus they 
would seem to be actually forced on the attention of their ene- 
mies, and it is probable that not one of these vividly painted 
forms could long escape annihilation if they had not some other 
means of protection ; but thi«, in fact, seems to be invariably 
the case, as we learn from Wallace's admii*able and exhaustive 
researches into this subject. Thus the gaudily stnped bees and 
"VN'iieps have a sting connected with a poison-gland ; other insects, 
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as the stingless Chrysididos and many proboscidian beetles, are 
protected by a strong coat of mail ; bugs, lady-birds, and many 
butterflies have dermal glands from which the secretion — ^as 
every one knows in the case of the bug — ^Ls excessively objec- 
tionable to the pursuer, or even in some way injurious; others 
can escape pursuit by extreme rapidity of llight, while others 
again assume a peculiar posture by which — as it would seem — 
they can actually frighten away their enemies. It is in connec- 
tion with these facts that, according to the statements of this 
distinguished naturalist and of other inquirers, such brilliantly 
coloured insects are usually, if not invariably, avoided by the 
generality of insect-eaters ; birds — as well as frogs and lizards — 
showing a preference for the dull-coloured over the gaily 
coloured species. This view is strengthened by the fact adduced 
by Wallace that those insects or larvse which are inconspicuous 
in colour are commonly devoid of any kind of defensive weapons 
such as are found in the more splendidly coloured species. 
Hence, according to Wallace, the use of the bright colours is 
evident ; the creatures which pursue these insects soon learned 
by experience, and communicated to their progeny, the useless- 
ness of pursuing these harlequin insects, as any attempt to 
attack them might be bitterly avenged. 

At the first glance this view seems a striking one. It may 
be the correct one in many or all of the cases here adduced, but 
it is certainly open to doubt whether it can be unhesitatingly 
applied — as has sometimes been done — to every case of splendid 
colouring in the skin of animals. Darwin has already raised 
this question as against Wallace, and he proposes to .•jubstitute 
the view that all or most cases of brilliant colouring have 
originat3d from a variety of natural selection which he terms 
Sexual Selection, According to this view, colouring has res"'jlted 
from the determining selective influence of the sexes and their 
preference for certain colours and modes of colouring. Still, 
Darwin himself had already mentioned, though only inciden- 
tally, that there are many animals characterised by their 
splendid motley or metallic colouring which could not have 
preserved it through sexual selection ; for example, all the 
difierent Polypes, and more particularly the sea-anemones and 
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true corals, are conspicuous for their colours. The surface of a 
reef lying just under water has often been compared to a gay- 
garden of flowers, and the splendour of such a * bed ' of animals 
is in fact quite astonishing. It is as though Mother Nature had 
here given free play to the fancy she is elsewhere compelled to 
restrain in some degree, by indulging her delight in lavishing all 
the colours of the rainbow, and by inviting a motley company 
of creatures to disport themselves among the flowers and fruit 
of her submarine garden — blue and red star-fish, Holothurise of 
every hue, and gaudily painted fishes. 

The fishes, in which the sexes are sei)arate and which swim 
about freely, may perhaps have preserved their brilliant colour- 
ing by sexual selection, or .even in the way put forward so 
emphatically by Wallace ; but neither hypothesis suffices as a 
satisfactory explanation of the equally bright colours of polypes. 
No kind of sexual selection can here come into play, for the 
simple reason that the sexes do not seek each other ; they are all 
sessile animals, male and female alike, and are obliged to throw 
off the sexual elements into the water and leave it to chance, or 
rather to the currents, whether fertilisation is effected or not. 
Wallace's explanation is equally inapplicable. All polypes 
are predatory creatures, feeding on fishes, crabs, worms, &c. ; 
hence their striking and ornamental colouring would seem 
rather to be a disadvantage to them, for, since they cannot move 
about, they are fitted to catch such animals as approach too near 
to them with theii' long arms and the weapons with which these 
are furnished ; and their colouring, therefore, would seem cal- 
culated to warn all creatures swimming in the sea, even at a 
distance, against coming within range of their perilous embrace. 
This apparent disadvantage might perhaps be outweighed by a 
greater advantage connected with this bright colouring, namely, 
that it warns the fish that prey upon them not to approach — 
which, of course, presupposes that those enemies have real 
cause to dread the weapons of the polypes. This, however, is 
by no means the case ; the fishes which feed on the true corals 
— as the ScaridoB among the Lahridce (Wrasses) and the Dio- 
dontidce among the Plectognathi — are perfectly indiffei'ent as to 
whether the creatures they feed on try to clutch them with 
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their tentacles or pierce their skin with their microscopic dart- 
like stinging-threads. It is impossible — so far as our present 
knowledge extends — to discover the faintest trace of usefulness 
in the brilliant colours of the polypes, and it is highly probable 
that they are in fact perfectly unimportant as regards the 
selective influence caused by their reciprocal relations with 
other animals. To this example of a mode of colouring which 
is insignificant with regard to selection, we might add many 
others, particularly of invertebrate animals ; and the question 
even arises whether in many cases the distribution of colours, to 
which we are at present disposed to attribute a marked value 
in the process of selection, may not be considerably overrated 
in this respect. 

But it follows from all this that not the colour or pigment 
itself merely, but its distribution — i.e, the markings of the animal 
— may under certain circumstances have been produced by other 
causes than those on whose effects selection seems to depend. 
It is perfectly evident that under no conceivable circumstances 
can the pigment, the colouring-matter itself, originate from 
selection ; this point has already been gone into in Chapter III. 
(see pp. 99 and 115). It was there shown that the origin of the 
pigment m\ist depend on physiological processes acting in the 
body of each individual, and which seem to be of the greatest 
importance to the healthy life of each. Hence the particular 
mode of its distribution throughout the skin must in the first 
place be the result of causes acting entirely in the animal itself, 
perfectly regular from the very first, or, it may be, wholly 
irregular ; and this will depend on whether the internal physio- 
logical causes have determined the deposition of the colouring- 
matter in the skin in a certain regular order or no.^^® If this 
order is very sharply defined, the distribution of colour must, of 
course, be extremely regular, and many of the characteristic 
markings in Actiniae, corals, and the shells of Mollusca may 
have arisen in this way. But, on the other hand, selection 
can control this colouring of the skin, and can confirm any par- 
ticular arrangement which is especially advantageous to the 
creature in the struggle for existence, can make it more regular 
or enhance its brilliancy. The possibility that selection may 
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control a mode of colouring that has originated hj a physio- 
logical process, by no means proves that in every case without 
exception the distribution of colouring in the animal world 
must have originated in the same manner, any more than the 
established fact that chlorophyll is formed in most green-leaved 
plants under the influence of light, alters the other fact that in 
certain cases, as in the Conifera?, the same matter can be elabo- 
rated in the dark. 

A very striking instance of protective colouring is exhibited 
in the so-called Chromatic Function which has only recently 
been made the subject of exact investigation. It has already 
been discussed in the chapter on the influence of light (see 
p. 92 and note 2^). It consists in the power possessed by many 
Fishes, Crustaceans, Amphibia, and Reptiles, of adapting their 
general colouring — often by extremely rapid alternations — ^to 
the colouring of the surrounding objects, so that they seem to be 
helped by it in the pursuit of their prey, or especially protected 
against the attacks of their enemies. 

Hence it is perfectly evident that all such adaptations of 
colouring to that of surrounding objects must be a powerful 
instrument of selection. Those individuals which are best 
qualified in this respect must have a conspicuous advantage 
over their less well-fitted companions in the struggle for exist- 
ence. Thus every cause which might give a species the capa- 
bility of rapidly assuming certain changes of the colour of the 
skin by a contraction of the chromatophores, would indirectly be 
the cause of a further perfecting of this capability by natural 
selection ; but this selection could not come into play till the 
contractile power of the chromatophores was actually existent 
and a protective mode of colouring was already produced by it. 
Neither selection, nor the struggle for existence, could in this 
case, any more than in any other, by itself effect a modification of 
the functions or of the morphological peculiarities of an animal. 
And the same is evidently the case in those instances, now to 
be considered, of protective resemblance in form and colour 
which is commonly known by the name of mimicry. 

The mimicry or imitation of one animal by another. — Bates 
and Wallace gave the name of mimicry to all those cases of 
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protective refiemblance in which a creature, otherw ise defence- 
less, imitates the form and colouring of another which has 
some special means of protection, and thereby, as is probable, 
escapes the pursuit of its eneuiies more easiJy than it could 
without such a disguise. But here again the protection 
obtained may benefit the pursuer as well as the pursued ; the 
former by disguising it in the eyes of the alert pre}'^, the latter 
by protecting a defenceless animal which mixes with the better- 
armed species whose aspect it has borrowed. I need not insist 
once more that the words here used must be taken in a figura- 
tive sense, since it is clear that no animal can ever be capable 
of designedly mimicking another. 

We owe the most important researches that have yet been 
made on this interesting subject to the above-mentioned 
judicious and acute travellers. No doubt we have long been 
acquainted with insects living here, in Europe, which in form, 
colour, and mode of fiight bear a great resemblance to others of 
different species; I may mention the Sesice among the butter- 
flies, which greatly resemble bees, and owe to this resemblance 
many of their specific names. ^^^ Formerly, little attention was 
paid to this circumstance ; at most it was incidentally noted that 
those butterflies were apparently protected by this resemblance, 
but any attempt to explain this mimicry was never even 
thought of before Darwin and Wallace ; and it was partly the 
new views which, from Darwin, rapidly extended among zoo- 
logists, and partly the vast number of striking examples of 
such resemblances in tropical Brazil, which led Bates in the first 
instance to examine the relations of these cases more exactly, 
duiing his many years* residence in South America. 

A brief enumeration of the most impoi*tant examples of 
such mimicry will here be desirable ; but a complete list is all 
the less necessary because the labours of Wallace, Bates, and 
Trimen are easily accessible, and popular essays on the subject 
have appeared in many periodicals. Among the American 
butterflies the species of Lp.ptalis, Erycina, and ItJwmia mimic 
the Ilelwoniadce, which are distinguished by a sharp and un- 
pleasant smell. In the same way the Danaidce and Acrceidce of 
the eastern regions of tropical America are protected by foetid 
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^'laiuls, aiiil lici-e n^Miii there are certain species of these 
families wliicli are imitated by the defenceless species of Papilio 
and J>iafrm't. In xSoith America, Danais archippusy a very 
common biittcrflj', is closely copied by Limetiitis archippus ; 
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species of Sc^la and of ^Ejerlidea so closely resemble small 
wasps that every one fears to handle them, but they have no 
sting like Wiisps, and are in every i-espect perfectly harmless. 
Among beetles, the Hispklfv and Eumorphulo'. which are pro- 
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tected by fcetid glands, are imitated by various species of stag- 
horn beetles ; other tropical staghom beetles look extremely 
like certain Curculionidce — the Pdchyrhynchidce (sea fig. 103) — 
which have an integument so hard that insect-eating bii-ds 
avoid them, probably on that account; other beetles, as, for 
instance, Charts melipona, resemble true bees ; Odontocera 
odyneroides resembles a wasp of the genus Odynerus ; the grass- 
hopper Condylodera tricondyloides is wonderfully like a beetle, 
Tricondyla of the family of the Cicindelne, Many flies ai'e 







Fig. 104.— Spiders whicli mimic ants and live associated with them ; it is very diflScult 

to distinguish them. 



very like wasps j spiders which liv^e associated with ants have 
assumed the form and colour of the ants (see fig. 104), and Bates 
mentions a singular instance when a large caterpillar fright- 
ened him extremely by its extraordinary resemblance to a 
poisonous snake. Even among Vertebrata, such cases are not 
rare. Wallace tells us that several species of the poisonous 
genus Elaps (snakes tliat are common in Brazil) are closely 
imitated by quite harmless snakes — thus Elaps fulvius ia 
copied by Fliocertis cequalis ; a variety of Elaps corallinics — 
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known as the coral snake — by Homalocranium semicinctum ; 
Elaps lemniscatuSj of which the bite is said to be absolutely 
fatal, by Fliocerus elapoides ; and all again are imitated by various 
species of the quite harmless genus Oxyrhopus, which live asso- 
ciated with the poisonous kinds. The two cases, communicated 
by Wallace, of birds which mimic other birds, seem certainly to 
come under this head ; the Tropidorhynchus, dreaded for its 
strength, is mimicked by the helpless Mimeta, andAccipitergale- 
a^w^,abird of prey which feeds on other birds, exactly resembles 
the insectivorous vulture Harpagoa, wherever the two species 
occur together. But the only instance adduced by Wallace of 
mimicry among quadi upeds — the resemblance of an insectivorous 
Cladohate^ to the squirrels (rodents) — seems to me, on the other 
hand, to be included with less reason in this class of resem- 
blances, Tlie assumption seems to me without foundation that 
the squirrels are harmless creatures and cannot alarm the 
insects around them by their movements, so that the Insectivora 
which resemble them easily capture theii* food. The European 
squirrel, at any rate, is omnivorous, as are many rodents ; ana 
granting even that they never eat insects, it does not appear to 
me to be by any means established by observation that insects 
would remain motionless when the squirrel, as he leaps from' 
bough to bough, shakes every leaf and twig. 

Thus, omitting this case of the imitation of a squiiTcl by an 
insectivorous animal, the cases of mimicry that are here men- 
tioned seem to be well established on the whole. In each case 
it can be shown that the mimicked spscies is in some way very 
effectually protected by an offensive smell, weapons of some 
kind, a hard skin, a powerful frame, &c., while the mimicking 
form is, without exception, weak and devoid of defence, so as to 
be greatly in need of protection. It can, moreover, be proved 
that in many cases, if not in all, the mimicking species live 
associated with those they resemble. 

From the facts thus established by observation, Bates and 
Wallace argue as follows. They show that all mimicking 
forms have acquii'ed, by their disguise, an undeniable advan- 
tage in the struggle for existence over those less well equipped, 
since, in consequence of the disguise, either they escape 
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notice by the animals tLey pursue, or they are no longer 
liable to pursuit, because the predatory species to which they 
might perhaps afford a dainty morsel regard them as being — 
like the creatures they resemble — bad eating or even injurious. 
In this case the prey deceives the pursuer ; in the former case, 
on the contrary, the pursuer deceives the prey. The mode of 
origin of this wonderfully strong protective resemblance can be 
explained by the well known principles of selection ; protective 
resemblances, at first small, have been developed by elimination 
to a greater, and at last to a perfect pitch of mimicry in form 
and colour, and also in mode of life. This theory seems 
extremely plausible, and I believe that in many eases it is the 
right one ; whether it is in all is another question. Under no 
circumstances can this theory account for the first appearance 
of the resemblance, as seems to be tacitly assumed by many 
writers. But before I enter on any further discussion of this 
point, I will describe a few new cases of mimicry observed by 
myself. 

True cases of mimicry among Mollusca have not yet — so 
far as I know — been observed, although instances of protective 
resemblance are not rare even among them. This is surprising, 
since we might suppose that mimicry might originate where 
a protective resemblance to inanimate objects or plants already 
existed, for there seems to be an a priori probability that 
mimicry may have been developed from this. Perhaps this and 
other gaps result from our very meagre knowledge of the 
habits of life of the animals, particularly the invertebrate 
animals, of other countries. 

Before describing the cases observed by me of mimicry among 
land mollusca, however, I must make a few remarks on the 
system of classification of land mollusca now in vogue. The 
system according to which tliey are classified is based almost 
exclusively on the practical requirements of the collector, i.e, on 
the comparison of tho empty shells ; on the otber hand, the 
investigation of the animals themselves has until quite recently 
been very much neglected. But the anatomical researches carried 
on during the last ten years — to which I believe I have contri- 
buted a no inconsiderable share — prove that the shells of such 

18 
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land-snails as Lave, like the great vino snail {Helix pomatia)^ 
a wide mouth to their shells are extraordinaiily variable. 
Genera which had been constituted merely on our knowledge of 
these variable shells, such as Helix, Bulimus, Vitrina, Nanina, 
&c., have proved quite untenable, and we now know that species 
which, by a comparison of the animals, must be placed actually 
in different families, often have shells so exactly alike that 
conchologists and palaeontologists — the latter having, of course, 
nothing but the shells to judge from — have placed them in the 
same genus. 

These recent investigations have, moreover, proved that the 
great majority of the genera of land mollusca have very narrow 
limits of distribution, so that with regard, for instance, to the 
numerous shells resembling Vitrina which have hitherto been 
described, their local origin supplies a far surer index as to 
their affinities of relationship to this or that genus than the 
characters of the shell itself. Setting aside a small number of 
cosmopolitan and for the most part minute forms, most of them, 
and particularly the larger kinds, are highly characteristic of 
the different countries where they are indigenous. Thus the 
three genera, Cochlostyla, Helicarion, and Rhysoia, are quite cha- 
racteristic of the Philippines ; for only a few of the species extend 
into the neighbouring islands of the Moluccas, while they occur 
in a very great variety of differently characterised species in the 
Philippines themselves. Pfeiffer, who as a conchologist was 
beyond a doubt the highest authority, included the species of 
Cochlostyla in three diffeipnt genera, and those of Helicarion in 
two ; but anatomical investigation has proved to me that the 
species of these three genera, in spite of the gi-eat diversity of 
their shells, are quite as much alike as the different races of the 
Germanic or Eomance nationality. 

The species of these three characteristically Philippine gonera 
are mimicked in a very remarkable manner, both in form and 
colour, by species of other genera which are not characteristic of 
the Philippines only, but of the neighbouring groups of islands 
as well ; one of these cases is, beyond a doubt, one of the most 
striking instances of true mimicry. 

The animals of the species of Helicarion (see fig. 105, c)— of 



MOLLCSCA OF THE PIIILIPPISES. 



395- 



which the nearest allies are found in Australia and tho islands 
of the Piicific— are easily recognisable at the first glance by tho 
mantle lobee, which cover the thin transparent shell, and hj their 
remarkably long, narrow, high-ridged tail, which ends abruptly 
in a gland ; a kind of horn, sometimes of some length, projects 
from the tip of the tail. The numerous species— :-of which the 
various distinguishing characteriaticsare much more conspicuous 
in anatomical details than in the shell — live on trees in damp 
woods, often in great multitudes ; they are very aetive and creep 
about with considerable npidity upon the twigs and leaves of 
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the trees. Evoiy species that I personally examined i 
the singular property, which many lizards have — particularly 
the Geckoes— of aheilding their tail when they are seized some- 
what roughly, at a little ■». ay behind the shell. This they do by 
whisking the XmI up nnd down with extraordinary rajiidity, 
almost convulsively, till it drops off; if the creatui-e is held by 
the tiiil, it immediately falls to the ground, where it easily hides 
among the leaves. If it is laid flat on the hand, tho rapid 
wagging movement U Ktrong enough to raise the body with a 
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sprmg into the air, so that it falls over on to the ground. 
These snails at first constantly escaped me and my collectors in 
this way, and not imfrequent'y we had nothing but the tail left 
in our hand. According to Guilding's observations the same 
peculiarity of parting with the hinder prolongation of the foot 
characterises the West Indian snail Stenopus. I ascertained by 
further investigation that in a free state of nature such self- 
mutilation not uufrequently occurs, for out of about a hundred 
specimens of Helicarion gvMa, which is extremely common in 
the north-east of Luzon, I found perhaps ten individuals that 
had shed their tails, or, to speak more accurately, the hinder end 
of the foot, and had the stumps partly healed, or the foot to 
some extent gi'own again. Now, this hinder portion of the foot 
is the most conspicuous part of the snail's body, and it may be 
supposed that it is, in most cases, the part first seized by the 
reptiles or birds that prey upon them ; but, startled by the 
escape of the body itself, they would soon learn to recognise, by 
the form of the tail, those species which were capable, by this 
self- amputation, of depriving them of the larger and probably 
the only valuable portion of the prey. In this way the species 
of the genus Helicarion can escape the pursuit of their enemies 
better than they otherwise could on account of their exposed 
mode of life, and it is in agreement with this fact that, in the 
spots where they occur, they aie commonly to be found in 
numbers together. But other land-snails which are not in fact 
protected by any such peculiarity might very well be equally 
effectually protected by mimicry of the appearance of a Heli- 
carion, since they might thus be mistaken for them. 

One single species of snail does, in fact, exist in the Philip- 
pines which actually bears an extraordinary resemblance to the 
species of Helicarion, although in internal stmcture it is, syste- 
matically speaking, very far removed from it, and does not even 
belong to any of the genera which are characteristic of these 
islands ; this is Vitrina Cttmingii, a species long since known as 
having been discovered by Cuming in Mindanao (see fig. 105, d). 
An examination of the living animal convinced me that it 
belonged neither to Vitrina nor to Helicarion, but to a 
thoroughly Indian genus, Xesta, of which the very numeroua 
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species which live in the islands of the Malayan archipelago are 
distinguished by their very thick and brilliantly coloured shells. 
Xesta Cumingii has, on the contrary, a thin ti*ansparent shell, 
which dui'ing life is covered by the lobes of the mantle 
in the same way as the species of Helicarion ; indeed, it is on 
the ground of the form and texture of the shell that it has 
hitherto been pla<;ed in the genus Vitrina. It has, moreover, 
the long foot which distinguishes Helicarion, and, in fact, I 
supposed this species to be one of that Philippine genus, until I 
had examined it anatomically, and so had convinced myself that 
it belonged to the Indian genus, though it has almost no exter- 
nal resemblance whatever to the other species. Thus Xesta 
Cumingii has assumed to a very great extent the appearance of 
a Helicarion ; moreover, it lives, as I can aver from my own 
experience, in precisely the same spots as Helicarion, namely on 
the upper side of leaves in damp woods, and so mixed with that 
genus that it fi'equently happened that I captured a specimen 
of Xesta when I thought I had a species of Helicarion. But 
it does not possess the power of self amputation which is charac- 
teristic of that genus, and hence, when caught by the tail, by a 
snake or any other creature, it cannot escape in the same 
manner. 

It follows from all this that we may assume on good grounds 
that we have here a case of true mimiciy — ^at least it seems 
hardly possible to think that it is only a singular coincidence. 
Even Wallace's test and criterion of true mimicry is perfectly 
applicable here; while the model form (as we may call it) 
which has a real means of protection is extremely common, the 
imitating and defenceless form is found in solitary specimens. 
Hence, the question arises, whether, perhaps, there may not also 
be in the West Indies land mollusca mimicking the StenopTis — 
which is provided with the same means of protection as the 
s|)ecies of Helicarion in the Philippines — so as to be protected 
in the stime way as Xesta Cumingii, If this should prove to 
be the case, it would afford, as it seems to me, a strong argument 
for the accm-acy of the view here put forward, that Xesta 
Cumiiigii is, in fact, effectually protected by the disguise it has 
assumed in imitating the species of Helicarion. ^^8 
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Moreover, there are very many instances of similarity of 
colouring between two creatures very remote from each other, 
and in which it is very difficult to discover any relations 
between the two animals thus characterised. Thus, many 
Annelida, Mollusca, Planarise, and Ophiuridse live on the stocks 
of the keratose corals, which they resemble greatly in colouring 
though not in form. In the same way all sorts of creatures 
may be found, on the disks of star-fish and Comatulse or on the 
spherical shells of Echinidae, which have perfectly assumed the 
colour of the animal on which they live. Here, certainly, we 
cannot speak of mimicry in the strict sense ; it is far more pro- 
bable that this resemblance serves only to enable these creatures 
to esciipe detection, living, as they do, exposed to a certain 
degree of danger on the surface of others. But, in the case I 
shall now describe, it appears to me that it can be of no use 
even in this way. 

Together with Xesta Cumingii a second species of the same 
genus lives in Mindanao which diiSers quite as much from Xesta 
Cumingii as this species does from those inhabiting Java or the 
Moluccas. On the other hand, its shell looks exactlv like those 
of the species of Rhysota, a genus in the highest degree charac- 
teristic of the Philippines (see ^g. 105, a). These have shells 
of a uniform brown colour, often wrinkled and somewhat 
depressed, and not overlapped at all by any marginal develop- 
ment of the body — the lobes of the mantle. The foot is flat, 
broad and short, and bears at the end a gaping gland. All the 
species of B-hysota live on the ground under trees ; and when, 
on particularly damp days, they quit the ground, they never 
climb trees, but only low plants growing in deep shade. It was 
from its sharing these characteristics that I regarded the new 
Xesta — ^which I called Xesta mindanacnsis, from the locality 
where it exclusively occurs — as being a true Rhysota till I had 
the opportunity of examining it anatomically. 

Xesta mindanaensis and Xesta Cumingii are the only two 
species of this Indian genus that are widely distributed in the 
Philippines ; the latter is found from Mindanao as far as Bohol 
and the southern part of Leyte ; the former occurs exclusively 
in Mindanao, the southern island. But while their nearest 
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allies in Celebes, the Moluccas, Java, and elsewhere, exhibit all 
the typical Indian characters both of the shell and of the animal, 
both the species that have migrated into the Philippines are so 
completely metamorphosed as to the form and coloiu- of both 
animal and shell that it would have been impossible to guess, 
without the closest anatomical investigation, that they did not 
balong to the genera proper to the Philippines. With regard 
to Xesta Cumingii the explanation is available that here we 
have a case of true protective mimicry ; but how can we account 
for the even more striking resemblance between Xesta minda- 
naensis and a Rhysota 1 This resemblance cannot certainly be 
regarded as protective mimicry, since the species of Rhysota 
have absolutely no peculiar property by which they are better 
protected against their enemies than other mollusca, and conse- 
quently an imitation of their appearance can be no sort of 
advantage to the other imitative species. 

The difficulty which is evident in the case just described is 
still fui'ther enhanced by the fact that other similar cases are 
known, and actually in the Philippines. By far the greater 
number of the brilliantly and variously coloured land-snails of 
these islands live on trees and belong to the highly charac- 
teristic genus Cochlostyla, The forms of their shells, too, are so 
extraoi-dinarily various that they have hitherto been included 
in three or four genera (or sub-genera), and I am convinced that 
any pala9ontologist to whom the various species — above 200 — 
should be submitted in a fossil state would distribute them into 
at least six, or more, genera. Anatomically, however, they are 
so nearly alike that it may be confidently asserted that there is 
no other genus of land mollusca at once so rich in species and 
so exclusively distinct as this of Cochlostyla; also, with the 
exception of six, or at most eight, forms, which occur on the 
small islands in the vicinity, they are confined to the Philip- 
pines. 

With them, there occur there only two small groups of true 
Helicidae ; one of which, CJdoroea, lives on trees, while the other, 
Dorcasia, is found among grasses and low-growing plants, or 
even half buried in the soil. Neither genus includes many 
species, and the greater number of them occur in the northern 
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part of the island of Luzon ; nt)t a single species of Chlwcea is 
found in Mindanao, and only one of Dorcaaia. Now, the anato- 
mical investigation of several species of both groups (see fig. 73) 
has proved that they are very nearly allied to each other, and, 
at the same time, to one of our commonest European land- 
snails, Helix fruticum. But as regards their shells they differ 
so widely that in systematic classification Chloroea is placed far 
from Dorcasia, and also from Fruticum, . The shell of Dorcasia, 
however, is easily recognised as allied to Fruticum from its 
resemblance to that type in colour, form, and marking, so that 
it is to me quite incomprehensible why conchologists should 
hitherto have disregarded so striking a similarity in the shells. 
On the othCi.' hand, all the shells of the group of Chlorcea so 
singularly resemble those of Cochlostyla, of which the animals 
follow the same mode of life as the species of Chlorcea, that they 
have hitherto been generally regarded as species of the Philip- 
pine genus, and in many of the species it is, in fact, quite impos- 
sible to decide which they belong to, so long as the shells alone 
are compared. Thus, on one side, a few species have preserved 
their resemblance to Fruticum , and with that the same mode of 
life ; and on the other, a few have assumed the aspect of another 
genus and live on trees associated with certain species of it. 
Hence Helix fruticum ought properly to be included in one 
genus with Chlorcea and Dorcasia, and thus combined they 
would be closely connected with the genus Cochlostyla. Sup- 
posing now that a form represented by Helix fruticum were the 
original form — as there are various reasons for supposing — 
some few species of that genus, when they migrated into the 
Philippines, would have preserved their original external appear- 
ance and at the same time their old habits of life; while others, 
acquiring the habit of climbing trees, would have become so 
much modified in form, colouring, and sculptui'ed marking, that 
the closest scrutiny of the shells alone would not suflice to 
decide the question whether they belonged to Cochlostyla or 
not. We might then easily be tempted to attribute this simi- 
larity to a process of protective mimiciy ; but such an assumption 
would be at once contradicted by the fact that the species of 
Chlorcea and Cochlostyla which most resemble each other, do 



SPUEIOCS MIUICGT. 



401 



not live associated together, and even for tte most jmrt occur 
on separate ialands. Hence, it is impossible in. this case that 
the resemblance should have originated by selection through 
mimicry, since protection by imitation against pursuit is here 
out of the question. 

The question that then occurs is, how such a remarkable 
likeness in fjrm and coloiir between two quite distinct crea- 
tures can have originated. I will investigate this problem by 
means of yet another example, because it is by this means that 
we may most easily succeed in ascribing to the influence of 
mimicry it^ dne proportions, and in showing that this branch of 
natural selection, like every other, can do no more than avail 
itself of such characters as already exist for its own pni'poses — 
so to speak — bui can never be in a position to act as a funda- 




mental cause, originating differentiation in the form and colour 
of animals. 

During my last stay at Port Mahon in the Baleaiio Islands, 
I found among the polypes of Cladoeora cm^pilosa—n coral 
which is there very common— a species, as it seems to me new, 
of the genus Myxicola (Annelida), I have here given a repro- 
ductiim of Claparede's repi'cseutation of anotliei- species of this 
genns (fig. 106). The species of this genus spread out the ten- 
tacles with wliich the head is fuvnished — and which are often 
i-egaided lis branchiie — in thefoi'm of a funnel ; the sides of this 
funnel aie perfectly closed and are formed of the filaments of 
the bmuchire which'lie in the. closest contiguity ; the section of 
the funnel is cii^ular. Eiieh branchial filament has on its 
inner surface a, mtUtitude of fine and minute hairs, which, how- 
ever, are rendered rigid by having in their interior cartilaginous 
celb ; these hail's radiate towards the centre of the funnel, so 
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that the space enclosed wrbhin the funnel is divided perpendicu- 
larly by a great number of septa into a corresponding number 
of chambers. 

The new Myxicola of Port Mahon I found, as I have said, 
among the polyps of Cladocora ; they lived in long mucilaginous 
tubes which they had formed in the rifts in the coral, and in 
which they could move about freely. As long as no light was 
thrown upon them they protruded themselves just so far as that 
the top rim of the corona of tentacles was on a level with the 
tentacles of the polyps, so that when the worm and the polyps 
were both extended the coral itself presented a perfectly level 
surface of cups. Moreover, the funnels of the Myxicola were of 
precisely the same chocolate-brown colour as the polyps ; and 
when fully extended the interior of the funnel formed by 
the tentacles looked exactly like the oral disc of one of the 
neighbouring polyps, for the radial pinnules were in the same 
position as those lines which, on the oral disc of the polyp, 
radiate towards the narrow central oral slit; in the Myxicola 
also a small central slit was observable, and all the parts which 
corresponded so exactly in size and position also displayed 
exactly the same colouring of greenish-grey with radial lines of 
a lighter hue and a narrow white streak in the middle. In 
short, the resemblance, in size, position, and colouring, of every 
part of the two creatures was so perfect that for a long time I 
took the corona of the Annelid for a polyp, until by an acciden- 
tal blow I caused all the Myxicolae of a large coral-stock to 
shrink suddenly into their tubes, though it was not severe 
enough to induce an equally rapid movement in the polyps of 
the apathetic Cladocora. At the first moment I must confess 
I felt an almost childish delight at having detected so flagrant 
an instance of protective mimicry : here was a defenceless tube- 
worm evidently most effectually protected by its resemblance to 
a polyp well defended by powerful weapons. 

However, I soon found reason to doubt this interpretation 
of the facts ; why should the Annelid require any such protec- 
tion, since it could withdraw itself with the swiftness of light- 
ning into its tube imbedded in coral, where probably no enemy 
would be able to follow it ? Still, the wonderfully complete 
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resemblance between the two creatures could not be disputed, 
nor could the fact that this resemblance was perfectly normal. 
Among the hundreds of specimens of Myxicola which I found 
in various pieces of coral, procured from the most various 
localities, I never found one that had not these same points of 
resemblance to the polyps. One day, finally, I found a marine ' 
sponge in which hundreds of this same Myxicola were living, 
and in every portion of it their funnels of tentacles extended 
just to the level of the surface of the sponge ; but the sponge 
was coloured very differently from the Annelida, so that these 
when protruded were veiy easy to distinguish from the sponge, j 
I then sought for the Myxicola in other spots, and succeeded in 
finding it almost eveiy where ; in the rifts in rocks and in the 
sand, between marine plants or the tubes of other \rorms — in 
short everywhere — and wherever I examined it closely it was 
exactly of the size and colour of the polyps of Cladocora cces- 
pitosa. Mimiciy, it is plain, is out of the question ; the resem- 
blance between the two creatures is simply and who'ly acci- 
dental. 

It seems to me that the obvious conclusion from all this is 
that, under some circumstances, the most perfect and complete 
resemblance between two creatures not living associated, may 
originate without its being referable to the selective power of 
mimicry, i.e. a protective resemblance. The possibility might 
certainly, however, be conceivable that that resemblance may 
originally have been acquired by such means, and subsequently 
retained after the Myxicola had been enabled, by the aid 
of some other means of protection, to establish itself in various 
other places. We have not, however, any single analogous 
instance to support this assumption ; besides, it should be 
observed that all the species, without exception, of the genus 
Myxicola have the same funnel-shaped arrangement of their 
tentacles, and the colouring of their head generally harmonises 
with that of many polyps; they are commonly brownish, 
greenish, or red. A general resemblance between the worm 
and the polyps is thus of common occurrence ; and as we are 
compelled to assume other causes than selection by protective 
lesemblance in explanation of this likeness, it will be equally 
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easy to deduce from analogous causes the somewhat more perfect 
likeness in form and colour between Cladocora and the un- 
described Myxicola. 

Still, true mimicry might, no doubt, be developed from such 
a case of extreme resemblance between two quite distinct crea- 
tures. Supposing tht^t some animal not hitherto living in the 
sea at Port IMahon were to be introduced there which was able to 
capture the Annelida wherever their unlikeness to the objects 
around them— as the sand, sponge, &c. — rendered them con- 
spicuous, they would only find the protection they would need 
by living associated with the coral, because there only could 
they be effectually concealed. And if the enemy — pursuing 
them even among the polyps of the Cladocora — should have 
learned to regard the polyps as dangerous foes whose fine sting- 
ing threads were capable of inflicting much injury, a perfectly 
characterised case of true mimicry might be developed from this 
instance, originating in simple shelter. 

The theoretical possibility of the process thus indicated can- 
not, I think, be denied ; but then the question arises whether 
many cases of mode of colouring and resemblance which we 
have hitherto been disposed to regard as cases of exquisite 
mimicry may not have originated in the same way as the 
spurious mimicry of the Myxicola. And here we find ourselves 
brouofht face to face with the same conclusion that we have 
become familiar with in each separate chapter of this work, and 
which I must once more repeat : Namely, that no power which 
is able to act only as a selective, and not as a transforming 
influence can ever be exclusively put forward as the proper effi- 
cient cause — causa efficiens — of any phenomenon. In all cases, 
including those of mimicry, the point finally must be to in- 
vestigate the causes which may have availed to produce, by 
their direct action, any advantageous and protective change of 
colouring; it was not until the change had actually taken place 
that selection between the better or worse endowed individuals 
could lead to the further development of the advantageous cha- 
racter. It is extremely difficult to decide in particular cases — in 
most, indeed, it is impossible — the precise point where one ceases 
and the other begins to act. But it is precisely by reason of the 
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universal difficulty of deciding whether a certain modification 
which has taken place is to be ascribed to some direct determin- 
ing and transforming cause, or to the enhancing of a previously 
modified character, which is frequently connected with selection, 
that it becomes imperative that we should in the first place 
carry out the most exact research possible by means of experi- 
ment, and also wean ourselves of the convenient — ^but, as it 
seems to me, highly pernicious — habit of theoretical explana- 
tions from general propositions. Otherwise there is great danger 
that the bright expectation which Darwin has opened out to us 
by his theory may be baffled — the prospect of gradually bring- 
ing even Organic Being within reach of that method of inquiry 
which seeks to discern mechanical efficient causes. 



NOTES. 



INTRODUCTION. 

Kate IfPa'ffe 10. Professor Marsh has lately discovered a colossal fossil 
reptile, belonging to the family of the Atlantosauridae, and which waa 
of such enormous size — more than eighty feet long — that it could hardly 
have been able to drag itself along on the ground or even to raise itself, 
if its bones had been as heavy in proportion as those of the reptiles or 
mammals now extant. And in fact the bones of this fossil 8aurian are 
remarkably light in comparison with their size, so that Professor 
Marsh's view that the peculiar large cavities which occur in all the 
bones of the skeleton were air-cavities, and that they were thus 
actually pneumatic bones, seems highly plausible. 

M)te 2fj?affe 17. There must, of course, be a number of characters 
of adaptation, of which we cannot avail ourselves as hereditary cha- 
racters of general importance, from their appearing only in small groups, 
or merely in genera and species, or even in single individuals; these 
lose all diagnostic value in an inquiry as to the relations of affinity 
among the larger categories to which the animals under comparison 
may belong. Hence arises the necessity, insisted on in the text, for 
inquiring how far hereditary characters of general value are to be dis- 
t inguished from characters of adaptation. But every character which 
can be regarded as a true sign of the common descent of large groups of 
animal forms, may be ultimately traced to the stage at which it first 
appeared, and where it was a character of adaptation. An example 
will help to explain this. We know that in all the Vertebrata, without 
exception, the first appearance of the skeleton, which is the most im- 
portant organic system of the vertebrata, is inseparable from the 
presence of an axial cord, known as the notochord, or chorda dorsalis. 
This does not become merged in the vertebral column, but is displaced 
by it ; it is perfectly inarticulated — a simple string of cells. The great 
uniformity of the conditions of its first appearance, structure, and position 
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in the embryo of t-vcry vertebrate animal, show that we hero have lo 
deal witli an hereditary character, and its remarkable persistence and 
constancy arc evidently due to the fact that its presence is essentially 
bound up with the development of an organ so wonderfully fitted for 
I lie most various morpliological and physiological differentiation as 
tlic vertebral cohimu (and skeleton) of tlie Vertcbrata. But, working 
backwards, in tlie series of invertebrate animals we first lose sight of 
the skeleton, and presently even the chord<i dorsalis disappears. 

From this it would seem that such an axial cord must have appeared 
at first, once or even more than once, in some group of invertebrate 
animals, i.e.y was elaborated from cells already existing in other forms. 
This primitive chorda must from our point of view have had some defi- 
nite function, and from everything that we know of the histologry of 
the cells of the chorda, we must regard it, even in its simplest form, 
as an elastic i)rop or fulcrum for the movements of the animal; conse- 
quently the primitive chorda was an organ that derived its fitness to 
exist In nil its adapt ati(m (and consequent modification) to the function 
of alT«)r<Un<x sujiport to tlie whole animal structure. Thus in the first 
instiince it can only have liad the value of a character of adaptation. 
Moreover, it must inevitably have preserved this value only, if it had 
not contained, in itself, and through its influence on the other oi^ans 
connected with it, the elements of the most varied differentiation into 
numerous dissimilar forms. It is only })y the fact that it and the 
tissues immediately surrounding it were in the highest degree plastic, 
that it acx^iuiri'd its value as an hereditary character. An accurate 
analysis of each separate organ will bring us ultimately to a stage in 
which its existence seems to be wholly dependent on its special adapta- 
tion to some definite purpose, or to some condition of existence. 

Note it, page 1 7. lludimentary organs arc extraordinarily numerous, 
and occur in a more or less signi Meant form in most animals. Their 
high theoretical imi)ortance has 'oeen sufficiently indicated by Darwin, 
to whose works the reader is n.'ferR'd. Their most essential peculiarity 
is their inca])acity for fulfilling the functions for which,, by their 
structure and position, they would seem exclusively intended. The 
question, howcsver, still remains, as Leuckart has pointed out, as to 
whether we an^ justified in saying that such rudimentary organs are in 
fact wholly useless. Tlui tet^th of the Vertcbrata are, as we know, used 
only for biting and masticating, or as wea])ons. The male dugongdoes, 
in fac;t, so use his tusks, as is shown by the invariably worn condition of 
the point, on the extemal surface of each. The female has equally lai^, 
nay, even larger tusks; but they are not used — at any rate, not in the 
same way. But it seems not improbable that, merely by their great weight, 
they may assist in certain movements of the head, for instance, in grazing 
on sea- weeds; and in this respect they may actually have acquired a 
physiological significance without losing their character as rudimentary 
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teeth. The most extreme case in the whole series of rudimentary organs 
which have lost their original use is offered by the roots of the Rhizo- 
cephala (Peltoga8ter),(&g. 12, a, p. 47) ; the parasite plunges them into the 
body cavity of the host it lives upon, and absorbs its nourishment 
through them. When the parasite has reached a certain agCi it falls 
off, leaving its roots in the body of its host ; they live on, though their 
purpose as organs of nutrition for the Peltogaster is, of course, entirely 
lost. 

JVote 4, jfoffe 22. This use of the clinging foot of the Geckotidas is 
well known. In handbooks of Zoology— even in Claus — we read that 
these clinging hairs or suckers are formed by the secretion of a glu- 
tinous matter from the glands of the toes. I do not know on what this 
assertion rests, but there is, in fact, no truth in it. In the first place, 
there certainly are no glands present on the feet and toes ; the clinging 
power is, on the contrary, effected in a wholly mechanical way, and 
derived from the rows of bristles beneath the toes, resembling the 
sucking discs of flies or of leeches. By the pressure of the foot on a 
smooth wall, the air between it and the wall is quite driven out ; when 
the pressure is removed, the inner surface of the foot is raised by the 
elasticity and rigidity of the hairs, and this effect is increased by the 
special muscles which move the lobes, each of^ which bears bristles ; 
thus a vacuum is formed between the wall and the sole of the foot, and 
atmospheric pressure secures the foothold. 



CHAPTER I. 



JVbte 6, page 27. Thacker has lately attempted to solve this problem 
on morphological grounds (Connecticut Academy, 1877, vol. iii., On 
Median and Paired Fins^ a Contribution to the History of Vertebrate. 
Limbs). He is of opinion that the four extremities of the vertebrata 
are to be considered as the survivals of two longitudinal folds of the 
skin, such as are to be seen in the living Amphioxus. If this attempt 
could be successfully followed up, we should no longer have to seek the 
analogues of the extremities of the Vertebrata among the Invertebrala, 
as Dohm has lately done. But the physiological side of the question is 
not touched by it ; it is this : Why could only exactly four extremities 
be developed, and not six, eight, or more out of this skin-fold ? 
Thacker does not go into this question. Dohrn certainly thinks he 
has found the use of the number four as applying to the limbs ; accord- 
ing to him a long narrow fish swims best when it possesses two pairs of 
fins as far as possible from each other, one pair in front and one behind. 
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This idea at first seems striking, but it is opposed alike to the facts, and 
to the laws of mechanics. 

Nate Qipage 37. With reference to the constancy of such characters 
as have arisen under external influences, Sachs says, in his Text-booJi of 
Botany : * We may infer very decidedly that hereditary characters, or 
such as might become hereditary, are not produced by external 
elementary influences, from the fact that seeds from the same fruit 
produce several varieties, or one variety side by side with the here- 
ditary parent-form ; ' and further on : * We come to the conclusion that 
hereditary varieties first arise independently of direct external in- 
fluences, but that the possibility of their continued existence depends 
on such influences.* There can certainly be no doubt that a great 
number of modifications which are in a high degree hereditary were 
due to causes which — ^like sexual reproduction and hybridisation — we 
are not accustomed to designate as external influences, although I 
reckon them as such ; and it is equally little doubtful that those con- 
ditions which are universally recognised as external — such as climate, 
nutrition, the nature of the soil, &c. — are able to acquire a modifying 
influence on living and growing animals ; thus the modifications called 
forth by such causes must constantly recur as long as the causes them- 
selves remain constant. In the course of our investigations I shall have 
occasion to discuss a few examples which may be regarded as having a 
direct bearing on this. So far as I know, it was Helmholtz who first 
pointed out that the constancy of an altered condition of life must 
result in the permanence of any deviation from the parent form of the 
species — or of the organ — to which such an alteration had given rise. 

Note lypage 38. I need here adduce only a few quotations. * There 
can be no doubt that changed conditions induce an almost indefinite 
amount of fluctuating variability by which the whole organisation is 
rendered in some degree plastic' (Darwin, Descent of Marty i. 114). 
* Such changes are manifestly due, not to any one pair, but all the indi- 
viduals having been subjected to the same conditions ' (Darwin, ihid.y 
in speaking of horses, page 236) ; and finally, * We do not know what 
produces the numberless slight differences between the individuals of 
each species, for reversion only carries the problem a few steps back- 
wards ; but each peculiarity must have had its own efficient cause. If 
these causes, whatever they may be, were to act more uniformly and 
energetically during a lengthened period (and no reason can be 
assigned why this stiould not sometimes occur), the result would pro- 
bably be not mere slight individual differences, but well-marked, con- 
stant modifications (ibid. p. 153). And in other places in the same 
book, as well as in his other works, Darwin expresses himself in a way 
that proves that he no longer rates the influence of the conditions of 
life (external causes) on the transformation of forms (in species as 
in organs) so low as he seemed to do in the first e<1ition of his Origin 
of Species 
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CHAPTEPv 11. 

Kote 8, ^M^^ 40. Hitherto only one single genus of animals is known 
of which the species are occasionally able to go through their whole 
cycle of development without their requiring to take nourishment from 
the time they escape from the e^g till their death. The male indi- 
viduals of some species of Ixodes never take any food after they have 
left the e%^, and they perish after fulfilling their sexual function. 
Hence the amount of food contained in the e^^ must have been suffi- 
cient for the requirements of the creature throughout life. 

Note 9, page 41. Numerous instances are known of such long- 
enduring resistance to want of food in the Invertebrata as well as in the 
Vertebrata. In this respect those snails must be mentioned which were 
kept for years with their shells glued down, in the' collection in the 
British Museum, and at last, under specially favourable meteorological 
conditions, were enabled to creep away. At all times those cases have 
excited much attention which have seemed to prove that Amphibia, 
such as toads, salamanders, &c., have been preserved from the remotest 
times, though shut up in a perfectly hermetically closed stone. But 
the data in these individual cases are always so far from exhaustive that 
it is impossible to found any explanation on them ; it therefore seems 
to me superfluous to give here any special cases, and I refer the reader 
to the literature of the subject given by Schmarda (GeograjjJiie der 
Thiere, vol. i. pk 101). 

But it is highly probable that they all, without exception, might be 
explained in the same way as a case described by Frauenfeld in the 
year 1867. A stone of about the size of the palm of the hand had in it 
two cavities which communicated with each other, and in one of these 
an Amphibian about two inches long — probably Triton, C7'istatu8 — was 
living curled up when the stone was split open. The cavity communi- 
cated with the outer air by a small hole, which was 1 millimMre (about 
^ of an inch) in depth, and about 3 millimetres wide. Frauenfeld 
assumes that the larva found its way into the inner cavity, there grew, 
and at last became too big to get out again. It had, moreover, not been 
able to obtain enough food (it was apparently at least a year or two 
years old) to grow beyond two inches in length. According to this 
the THtoa had not, however, been absolutely without food ; but we 
may regard it as quite certain that it had obtained a very insignificant 
amount of nourishment, since through so narrow an opening it was 
impossible that it should have been supplied in sufficient quantity. Ex- 
periments have even been made on this matter, for living amphibia have 
been enclosed in masses of gypsum, and left thus enclosed, and they have 
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lived more than a year. However, so far as I know, no satisfactory 
series of experiments have been carried out to the end. 

Note 10, pcuje 43. Even the statements in handbooks (see Milne- 
Edwarda, Leqons d'Anatomie comparee, viii. 169, 184) or in special 
treatises, as to the requisite maximum (or optimum) of the amount of 
food, show great errors, because it is impossible to obtain by experiment 
any perfectly satisfactory information as to the relations of consumption 
and ejection. Thus Hermann says : * Even far more uncertain are the 
statements as to the absolute amount of the minimum of excretion or 
the minimum of food required to cover it, in consequence particularly 
of the uncertainty of the methods of inquiry formeily pursued ; ' and 
he therefore forbears mentioning any absolute figure for the minimum 
of assimilated matter, as ascertained by these methods. Moreover, the 
subject has never been, to my knowledge, treated from any more general 
point of view than a purely medical one. Thus, for instance, the fact 
that a kilogramme weight in a pigeon needs more nutrition than the 
same weight in a dog, and this, again, more than a kilogramme in a 
man, is explained by a reference to the greater energy of the vital 
processes in the smaller organisms. This argument is just, if it is con- 
fined to the warm-blooded animals, but it is false with regard to the cold- 
blooded animals ; for as, in these, the variations in the temperature of 
the body agree perfectly, or very nearly, with those of the surrounding 
medium, water or air, no more warmth need be produced in the small 
animals than in the large, nor need a correspondingly larger amount 
of nourishment be consumed. Beyond this we know absolutely nothing 
of their relations in cold-blooded animals. 

Kote lljjmffe 50. At p. 46 a similar example was mentioned, where I 
pointed out that the assimilation of food in Lymnfea stagnalu did not 
depend merely on the circumstance of the food being obtainable in suffi- 
cient quantity and of suitable composition, but also on the osmotic 
action of the skin itself. If the temperature is too low, below 12° C. for 
instance, assimilation ceases in these snails although they continue to 
feed ; at 20° C. the greatest proportion of food is digested and the 
most rapid growth attained. But even then, this only takes place 
when the influence of the volume of water, which can only be exer- 
cised by the osmotic action of the skin, is exercised in the most 
favourable manner. For more details on this point see Chapter V. and 
the notes. 

Note \2^page 60. For all who think that the number of cases men- 
tioned in the text are insufficient evidence for the position here advanced, 
I here briefly give a number of other similar ones. Eels, which usually 
live on animal food, will also eat bread. Spiders feed almost exclusively 
on Articulata; a few species, as our European Att/jms Sulzeri, feed on 
snails ; the tropical species of Mygale are said to eat small birds ; here 
in Wiirzburg, I and Menge fed them with young mice. The Loach, 
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Cobitis fossiliSf which is specially adapted to animal feeding, frequently 
eats species of Lemna. Many caterpillars, among the Noel uidae— for 
instance, species of AgrotU — eat each other if they are shut up together 
in a box, though in freedom they feed only on roots and leaves. The 
larvae of the common frog eat plants, the full-grown frogs only insects, 
worms, or even amphibia. All apes, although their teeth are apparently 
adapted to a fruit or vegetable diet, are passionately fond of animal 
food, as birds, eggs, insects, &c. ; they will even gnaw bones. Many 
parrots eat butter, bacon, lard, snails, raw eggs, beetles, the brains of 
small birds, and marrow. Most Nematoda live as parasites in animals, 
but a few live in plants — 'Tylenchus tHtici, for instance, which lives in 
the flower of wheat, and Ti/lenchmt dipsaei. 

Most Holothuriae shovel sea-sand into their mouths with their 
tentacles, and leave it to the intestine to select the organic particles 
of nutriment that are mixed with it. Thyonidium nwlle, on the Peruvian 
coast, feeds, on the contrary, on sea- weeds. Almost all Hymenoptera 
are phytophagous, excepting only a few wasps and hornets, and ants 
which feed on dead flesh. Certain snakes — Leptognathus and Amhly- 
ceplialns (see Giinlher, -4/i«. Mag. N. Hist. 1872, ix. 29) — feed on snails, 
while all other species eat vertebrata or sometimes minute insects. 
Cyclura lophoura, a species of iguana-like lizard in Jamaica, is herbi- 
vorous, although it belongs to a carnivorous group. Most tortoises live 
on animals ; only a few land tortoises eat vegetables. All birds of prey 
feed on mammals, birds, or reptiles ; but the secretary-bird, that stalks 
about on long stilt-like legs like a heron, rummages about in the mud, 
like a duck, for aquatic creatures of all kinds. One of the most interest- 
ing examples is afforded by the genus Onchidium among the pulmonate 
moUusca. The lingual tongue of those moUusca which live exclusively 
on animal food is very sharply distinguished from that of the herbi- 
vorous species ; a few of these last, as Lymneea stagnalis, are, no doubt, 
carnivorous also (see p. 59 of the text) ; but in general we may consider 
ourselves justified in determining those molluscs as herbivorous of 
which the rachis has the same structure as those of Helix or Lyvincpa. 
All the species of Oncliidium which I have hitherto been able to examine, 
about four-and-twenty, have exquisite herbivorous teeth, and, neverthe- 
less, do not use them for eating off plants, but exclusively for shovelling 
in sea-sand or mud. Hence we see that even the organs of mastication, 
which yet must be quite specially adapted to the nutriment obtainable 
at the time and to the mode of obtaining it, may under some circum- 
stances be used in very various ways ; and we must therefore conclude 
that in comparing living creatures with fossil ones these organs can 
afford no absolutely reliable means for determining the food and mode 
of life of these primeval creatures. These exceptions, moreover, afford 
us a further example of the proposition stated in the text, that even 
organs which appeiir to us to be adapted to a special office are never- 
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theless able, and by their internal nature must be able, to accommodate 
themselves to others. 

Nate ISfpoffe 64. It seems to me desirable to add a few more in- 
stances of voluntary change of food by monophagous anin^^ls to those 
given in the text. The palm-crab, Birgus latro, in a free state feeds on 
fruits, namely cocoa-nuts, but in confinement eats its fellows (as I know 
by experience). Canary birds, and fowls, often and readily eat lard. 
The American prairie dogs Hans and Gretel, which I have already 
mentioned in the text, quickly accustomed themselves to a diet of fish, 
which was wholly unknown to them, with mollusca and meat. I owe 
to my friend Professor Hagen (of Cambridge, Mass. U.S.) the following 
interesting notes. At Cape Cod, the cows are regularly fed on herrings' 
heads; in Norway a mash is prepared for the cows by mixing and 
stirring horse-dung with the heads of dorse boiled down ; this serves 
them for fodder only in the winter ; in the summer they eat grass, as they 
do everywhere else. The reindeer, according to Brehm, sometimes eat 
lemmings. 

Nate 14, page 68. T lie change of structure which takes place in the 
stomach of the pigeon and the gull in consequence of the change of 
function is as follows. The stomach of a bird subsisting on flesh has a 
comparatively feebly developed muscular layer and a soft mucous mem- 
brane, which penetrates the coats of the stomach, forming long tubules ; 
these tubules are the glands which secrete the gastric juice. In the 
grain- eating birds the muscles of the stomach are particularly strong; 
instead of the soft mucous membrane a thick brown membrane covers 
the inner surface of the larger part of the stomach, while the small 
anterior portion exhibits the same soft skin and glandular layer as are 
everywhere distributed in the stomach of birds of prey. This brown 
skin in the gizzard of the pigeon (see fig. 13) is very strong ; it has long 
fine filaments which penetrate the cavities of the tubules which extend 
perpendicularly into the muscular layer of the stomach. Now, if the 
stomach of the pigeon is acted on for a sufficiently long period by feeding 
on flesh, this brown skin (called a cuticula) withdraws entirely from 
the tubules and is ejected ; the tubules now no longer secrete any 
solid matter, but only a fluid, and so become true glands. It would be 
interesting to ascertain whether the secretion now produced by these in 
the gizzard is to be compared, chemically and with respect to its diges- 
tive qualities, to the gastric juice in the stomach of birds of prey. In 
gulls, on the other hand, which have become accustomed to a grain diet, 
the hitherto fluid secretion from the glands opening into the stomach 
becomes rigid, and a more or less firm thick skin is formed in the 
interior of the stomach. 

From the text it might perhaps be inferred that the stomachs of 
graminivorous and of carnivorous birds were two distinct forms of 
stomach corresponding uniformly and exactly to these modes of feed- 
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ing, so that the former occurred only in birds that feed on grain, 
and the latter in those that feed on animal food. This, however, 
wonld be an error, since there is a considerable number of flesh-eating 
birds of which the stomach (the muscular stomach, as it is called) is 
constructed exactly like that of a pigeon or a hen. Podiceps minor 
(the little Grebe) lives on fishes, worms, and soft-bodied aquatic 
creatures. Corvits Comix (the hooded crow) and C. Corax eat insects, 
birds, and small quadrupeds. The lapwing lives on soft aquatic animals, 
and the kingfisher on fish. In all these the muscular stomach has quite 
as thick a muscular layer as in the pigeon, and the internal coat is a 
hard, brown pseudo-cuticle, such as is always present in the graminivorous 
birds. Even among true birds of prey some have the pseudo-cuticle, at 
any rate for a time — as the recently fledged kestrel — though not, it is 
true very strongly developed. In these birds a meat diet does not seem 
to effect so rapid a change in the stomach— from a graminivorous to a 
carnivorous t}^e — as in the gull and the pigeon, nor, indeed, to affect 
them in any way. 

Note 1^, page 69. In the text I have not mentioned a number of 
e.Tects of food which in part are not suited for discussion in a popular 
lecture, but in part too have no bearing on the question we must steadily 
k«ep before us, i.e. how far the maintenance of the species or the origin 
of new forms may be induced by them. Thus, for instance, Voit's ex- 
periments on the assimilation of fresh-water mussels seem to have 
established beyond a doubt that the greater part of the ashy consti- 
tuents of their bodies, which they deposit almost exclusively in 
their shells, are derived from the water which, according to him, is 
taken up by the kidneys. But then the question as to how the wat^r 
penetrates the body of the mussel is still under controversy. Some 
authors entirely set aside the old view that the kidneys, wholly or in 
part, have the function of absorbing water : according to them it takes 
place through pores in the skin ; but this, notwithstanding all that 
has been said on the subject, is not absolutely beyond dispute. In 
fact, so long as the morphological bases of physiological speculations 
are as little assured as in this case, any discussion must be regarded as 
premature. 

The second point, to be here only lightly touched on, regards the 
influence of food on the sexual functions and in the external distinc- 
tions of sex which partly depend on it. It is known that certain foods 
or stimulants at the approach of sexual maturity have a stimulating 
effect on the secretion of the semen. Too small a supply of food is as 
injurious to the germinal glands as too large a one; for this predomi- 
nantly important side of animal life, also, there is an optimum of nutri- 
tion, and any excess towards the maximum, or deficiency towards the 
minimum, must exert a proportionally injurious influence. Unfortu- 
nately we know of hardly any serviceable experiments on this subject. 
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for those made on domestic animals can scarcely be regarded as such, 
since their results cannot be considered applicable to other animals 
living in a state of nature. Sanson has lately made some very interest- 
irg experiments on domestic animals, which seem to prove that sexual 
maturity can be very much hastened by a careful and special hygiene, 
by an increased amount of nourishment and by the addition of certain 
substances to the diet. (Sanson, Comptes JlendiiSt 1874, Ixxix. 1768; 
and Journal de VAnatomie et de Physiologie, 1872, p. 113.) The animals 
thus brought up are said to assume a quite special development — to 
become races ; the signs of their earlier development and precocious 
maturity are the cutting of the permanent teeth and the growing 
together of the epiphyses (the osseous portions of the hollow bones) at 
an age wlien, in animals fed in the usual manner, these tokens of 
approaching maturity are not yet visible. As we shall presently see, 
precisely similar effects follow from raising the temperature. In con- 
clusion 1 will only mention that Von Willich states that in frogs a defi- 
ciency of food causes darker colouring of the skin. 



CHAPTER III. 

2^1}te 1 6, 2^^^ 70. A comparison of the eye of the animal and the 
chlorophyll bodies of plants as standards of equal value for estimating 
the intensity of light was, in fact, attempted by Prillieux. Sachs has 
controverted this attempt in his usual brilliant and thorough way, and 
has set it aside, let us hope, once for all. * All comparisons as to the 
intensity of differently composed light, made by means of the eye, 
have, from the nature of the eye, no independent value.' Hence the 
intensity of the different colours of the spectrum as thus estimated can- 
not be made use of to measure the gas disengaged by plants by means 
of the chlorophyll bodies, as Prillieux has done. 

JSvte 17, page 72. I here give a complete list of those species of 
animals in which chlorophyll or similar bodies— as xanthophyll, &c. — 
are said to occur, 
otozoa : 

J'Juglena vhndis. 
Stent or viridis. 

Almost all Radiolaria. But among the marine Radiolaria most of 
the Acantho-metridae are excepted (Haeckel, Monograph of the JtadiO' 
laria); and among the fresh- water Radiolaria, ActinophrySy Actino- 
spha^riviUy Sec, 
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Not to be confounded with these chlorophyll-bodies of the Protozoa 
are certain peculiar green or olive-green discs of colouring matter 
which occur in many Monadinse, as for example in Chromulina, Chilo- 
monaSy Paramecium^ Uvella viresceng, Mallomonas Ploetliiy &c. 

Spongilla viridis (Sorby, Quart. Jmirn. Mic. Sci. 1875, vol. xv. 
p. 47.) 

Coelenterata : Hydra viridis. 

Platyelmia : Vortex viridis. 

An undescribed marine Planarian, according to Geddes. It is 
stated that this creature decomposes carbonic acid ; no exact report, 
however, has as yet been given, so that it is not possible to decide 
whether this statement rests on experiment or is only inferred from 
observations, which alone prove nothing. 

Gephyrea : Bonellia viridis (Rolando). Schenk says that the green 
colouring matter of this worm is true chlorophyll. Sorby, however, 
{Qu-art. Journ. Mie, Sci. 1876, Iviii. p. 166), after a very careful in- 
vestigation, proves that this matter is quite distinct from chlorophyll. 

Leydig has lately propounded the hypothesis that chlorophyll may 
occur even in insects. He founds it on the observation that the vivid 
green of various beetles, orthoptera, &c., changes towards autumn in 
the same way as the leaves of trees do. I regret that I cannot agree 
with him on this point ; no such conclusion can be derived, in my 
opinion, from the observed phenomena. The view that insects can 
themselves elaborate chlorophyll cannot be supported by any argument, 
and it is equally improbable that chlorophyll, as such, can be stored up 
from the food in the circulating system of an insect, and then deposited 
in the skin without being wholly altered ; but even if after this process 
it could preserve its green colour and other original properties it must 
certainly have lost the characteristic property of chlorophyll, namely, 
that of decomposing carbonic acid under the influence of light. 

Note 18, page 76. Foreign bodies occur by no means rarely as inte- 
gral constituents of the tissue of animal organisms. Irrespective even 
of those cases in which parasites become normal (i.e. constantly present), 
coDStituents of certain portions of the body in every individual of a 
species — as for instance the Nematoda living in the foot of certain naked 
moUusca — there are numerous other examples.- Among the Coelenterat a 
there are, besides Sphenojpus, various other genera which take up grains 
of sand directly into their skin— for instance, all the Zoanthinae (Zda?i- 
thvSi Palythoay &c.)— whereby it acquires the firmness it would otherwise 
lack. The sponges often have the habit of including foreign siliceous 
particles, the calcareous shells of Polytltalamia, fragments of corals and 
of the shells of molluscs, or merely sand, in their homy fibres; such 
foreign bodies occur in by far the larger number of keratose sponges. 
That the siliceous spioulae are in these cases very often merely foreign 
bodies is proved by the circumstance that they are found without excep- 

19 



// 



4 1 S NOTES. 

tion with broken points, and this could not be the case if they were 
formed in the homy fibres by the creature itself. Since the homy 
tissue, even in living sponges, is much too tough passively to allow of 
the intrusion of foreign bodies during the life of the sponge, their being 
imbedded in the fibre can only result from the sponge drawing them to 
itself by a voluntary act and including them between the layers at the 
growing apex of the horny fibres. One of the most remarkable 
instances of the utilisation of foreign bodies as an integral constituent 
of an animal structure is offered by the species of Xenaphora among 
the mollusca ; they voluntarily incorporate into their shells, in regular 
order, other shells and fragments of stone or of coral. Their intimate 
adhesion shows that this combination must be effected before the shell 
has hardened, and each particular species of Xenophora seems also to 
have more or less choice among the materials at its disposal. Bergh 
has recently shown that Stan/rodcyfis Janiia7*iif a naked marine mollusca, 
eats the spiculae of sponges and deposits them in its skin. 

We may here allude to the use made by the larvae of the Phry- 
gaveidcB of leaves, snail-shells, roots, &c., in building their cases 
(caddis- worms). 

The above-mentioned regular association of two kinds of animals, 
one of which lives in or on the other as a constant parasite, offers many 
remarkable phenomena. It is known, for instance, that the hermit crab 
{Pagums) is sometimes infested by dark-brown Crustacea of the group 
of the jRhizocephala ; when these are present the female germ-glands 
never develope in the host, and eggs and parasites are never found 
together in the same individual. In certain localities the parasites are 
so common that out of hundreds of hermit crabs scarcely a single 
individual will be found without one, although their numbers are no 
less than in other spots in the vicinity where there are no parasites, or 
hardly any. This proves that the growth of the Pagii/rus is not in the 
least hindered by the foreign parasite, while the development of sexual 
maturity is wholly arrested ; and we see, moreover, that the conditions 
for the reception of the parasite or for its avoidance may be quite dif- 
ferent in two contiguous spots. 

I myself have made similar observations with regard to Lymrusa 
gtaynalis. The larvae of Trematoda which infest these water-snails, in 
the first place at any rate, and almost exclusively, as it would seem, 
destroy the germ-glands, but they do not check the creature's growth. 
In however great a number the parasites may be present, the mollusc 
grows all the same, but propagation is completely prevented. How far 
the sterility thus induced in certain individuals may possibly give rise 
to other changes in their external or internal conditions is wholly un- 
known, and has not been investigated. The larva of a fly, Chiterehra 
ema^culator, destroys the testes of various American species of squirrel 
without affecting the other vital functions ; and the number of such 
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animals, healthy in all other respects, annually shot by hunters seems to 
be very considerable. (Dr. Hagen.) 

. Note 19, page 78. There are but few totally blind vert ebrata— abso- 
lutely deprived, that is to say, of eyes. All the species of mole have 
rudimentary eyes, as have the Proteus and the blind-fish, as they are 
called, of the American caves ; Amhlyopsis spelofiis, Typhlichthys 
suhterraneuSy Stygieola dentatus and mbtetTane^is (from caves in Cuba), 
CrTonias nigrildbris, Stygogenes cyclojntm — or of the caves of Asia, Ailia, 
ShilHchthys, Bagroides, &c. Actually eyeless fish have hitherto been 
found only at great ocean depths, and we owe our knowledge of them 
to the * Challenger * expedition. They are Soopelidce or LophioidcB. 
What makes them especially interesting is the occurrence of the peculiar 
organs on the head, first observed by Von Willemoes-Suhm, and subse- 
quently accurately described by Giinther, who regards them as organs 
of phosphorescence (see note 22). Truly blind invertebrate animals 
are far more numerous. Most ento-parasites are perfectly eyelesSo 
The number of species of blind cave-insects, which is being added to 
every day, already amounts to hundreds. The reader who is specially 
interested in these creatures will find a very complete review of the 
literature of the subject in an admirable paper by Simon and Bedell in 
the Revue Zoologique. Associated with the blind cave insects we 
find blind spiders, Crustacea, and Myriapoda ; the blind crab of the 
Kentucky caves has, according to Hagen {Monograph of the North Ameri- 
can Agtacida), certainly only rudimentary eyes ; while other Crustacea, 
as CcBoidotea, Stygian Titancthes albtts, and others, seem to be totally 
blind. In the work of Putnam and Packard on the Mammoth Cave of 
Kentucky there is a list of these forms with excellent illustrations. 
Various Crustaceans which are called blind are known from the caverns 
and subterranean waters of Europe ; to these belong Niphargus pvieanus, 
litanethes albii-8, Orangonyx, Asellus Sieboldii. Univalves seem always 
to have eyes, with the exception of a few which live as parasites, but a 
Hyd/robia found living in Munich by Bougemont, and which inhabits 
deep springs, seems to have no eyes. Wiedersheim found rudimentary 
eyes in the Hydrobia of the Falkenstein cavern. 

The * Challenger ' expedition also has furnished us with rich materials 
Qn this subject. Willemoes-Suhm, whose premature death we must 
deeply deplore, made us acquainted with a large number of peculiar 
blind Crustaceans, some of which live at a depth of more than 2,000 
fathoms ; for instance, PetalopkthalmV'S oi various species, all the Mun- 
opiidaj several MysideiSy several blind larvae belonging to the Zoea and 
Megalopsis forms, Astacvs zaleucus, Aspendes cceca, Deidamia, &c. 
Notices of these occur in the narratives of the voyage communicated 
to Natwre ; Ann. and Mag. Nat. Hist. ; Proo. R. 8. ; Linn. Sac. Trans. 
And a tolerably complete guide to the literature of the subject is to be 
foimd in Siebold*s supplement to Willemoes-Suhm's Challenger' Brief en 
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(Zeitsohri/t fiir wiss. Zoohqie, 1877, v. 27). The recent treatise by 
Pagenstecher, Ueber die Thiere der Tiefen, also contains a list of blind 
as well as other deep-sea animals, though in a somewhat different 
arrangement from that which Ihave given here. 

Note 20, page 82. The following animals, furnished with well-deve- 
loped eyes, live in caves : MaclueHtcSy 7 species (Coleoptera) ; Antho- 
viyia, Pho7'a (Diptera) ; Hadenascvs, 2 species (Orthoptera) ; Spirostrep- 
ton, several species in caves (Myriapoda) ; Nestiov^t 2 species ; Liny- 
phiu, 3 species (Spiders in the Kentucky caves). Animals having only 
rudimentary eyes must be partly included here. A Melania having eyes 
I myself found in a cave in the Pelew Isles, and in the same spot was 
a grasshopper that could see. Also among fishes, Chologaster Agasxizii 
{in Kentucky), Umbra CrameH (in subterranean lakes in Austria, 
according to Schmarda, Geog. der Thiere, i. 13). In the caves of Utah 
(according to Packard, B^dletin iV. S. Gcol. and Geog. Su/rveyy iii. 
1877), a Phalangium-"iVJ?/was^owa troglodytes — with eyes; a Univalve, 
Hyalina suh'upicula ; and a Podurida, I'oTnocerus plumbcvs, equaXlj vfith 
eyes, are associated with a blind Myriapod, Polydesmtis caHcola. Fries 
states that the blind Gammarus puteanns of the Falkenstein caves 
sometimes quits the regions of absolute darkness. 

Note 21, 7^<2<7« 84. Many creatures furnished with well-constructed 
eyes live associated with the actually blind species which have been 
partly enumerated above. An attempt to account for this apparent 
contradiction is mentioned in the text. Of the very considerable num- 
ber of such denizens of the darkness which nevertheless can see, I will 
particularly mention the following : BathytrocteSy a new genus named 
by Gunther, 675 to 1,090 fathoms ; Batkylagus, 1,950-2,040 fathoms ; 
Platytroctes, 1,600 fathoms ; Chloropkthalmus gracilis, 1,100-1,450 
fathoms — all forms of Fishes discovered during the * Challenger ' expe- 
dition. Besides these, among Fishes, Maci'urus and ffalosaurus, 1,375— 
1,600 (Willemoes-Suhm, Challenger-BHefe) ; among mollusca. Chiton 
and Patella, 1,075 fathoms (Willemoes), Pleurotorna, n. species, 2,090 
fathoms, and Fusus sp., 1,207 fathoms (Thomson, Depths of the Sea, 
p. 465) ; Crustacea, a Palinvnis in 700 fathoms ; a Nephrops and an 
Amphxon, between 1,875 and 3,125 fathoms. Various crabs, Galathea, 
Calajypa ; Isopoda, Serolis ; Macroura, PeiKeidce, CaHdidce. Bathy- 
nonius giganteiis (M. Edw.), a gigantic Isopod 23 centimetres long, 
having large eyes, each with 4,000 facets, and others. It is impossible 
here to give a complete list, nor is it within the purpose of this work. 
Other deep-sea forms have rudimentary eyes, as, for instance, Aphyonv^ 
gelatinosus, 1,500 fathoms ; Typhlonus nastis, 2,150 fathoms, from N.E. 
Australia, &c. 

Note 22, page 85. Phosphorescent creatures are extremely common on 
the surface of the sea, as is well known. They belong to the most 
various classes, bat are for the most part invertebrate animals, Infusoria, 
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Medusae, Poljrps, Worms, Tunicata, &c. Phosphorescent fishes have 
been brought to our knowledge by the * Challenger ' expedition. Wille- 
moes was able to observe directly the phosphorescence in Sternoptyx ; 
and according to Giinther (see below) it is highly probable that the 
peculiar organs occurring in blind fishes are phosphorescent. The fisher- 
men of Nice assert that the moon -fish, OHhagorisciis mola, is luminous. 
But few phosphorescent animals live on land ; only a few Myriapoda and 
Annelida, besides the well-known Lampyris, Elateridae, &c. The litera- 
ture of the subject is wonderfully extensive; Ehrenberg, who gave more 
attention to it than almost anyone else, in the last year of his life gave 
us a work with the following title : JXs das Funhehi und Av/blitzen des 
Mittelmeeres hewirkenden unsichthareyi Lehensfin^men (Berlin, 1873). 

Note 23, page 86. The anatomy of the fishes in which Giinther found 
these phosphorescent organs is not yet described, and I owe the notice I 
am enabled to give to a verbal communication from my esteemed 
friend in London. 

Note 24, page 89. See. on this subject the brief remarks in Sir 
Wyville Thomson's The Depths of the Sea (ed. 2, p. 465). Many 
observations on the brilliant colouring of Holothuridae and Crustacea 
occur in Willemoes' reports. This proves that the lack of light cannot 
directly hinder the development of pigment. But it is quite possible 
that it may have an indirect influence through modifications in the 
processes, at present unknown, which lead to the formation of the 
pigment. 

Note 25, 2*^^ 89. Higginbottom, * Influence of Physical Agents in 
the Development of the Tadpole of the Triton and the Frog,* PhiL 
Trans. 1850, p. 431. He reared larvae in dark cellars and in com- 
plete darkness without discovering any difference in their development 
beyond its retardation by the diminished warmth. 

Note 26, page 91. Within the last few years I have repeated a series 
of experiments with a view to investigating the effects of different 
light on the formation of pigment in animals ; the creature selected for 
the purpose was the Axolotl. The more general results attained by 
these experiments are given in the text. The origin of the pigment 
does not depend directly on light, as Bert states, nor do albinos or white 
Axolotl occur in the dark. It remains a mystery to me how Bert could 
have ascribed the occurrence of white Axolotl to the influence of a 
deficiency of light, and I am equally ignorant as to the causes which 
led to the production of albinos among the Axolotl kept by KoUiker at 
Wurzburg. 

I found, precisely on the contrary, that when the light waa ex- 
cluded, or in a dark red light, the young animals were always dark- 
coloured ; in a yellow light the pigment was abundant though less 
dark; in a white diffused light, but to the exclusion of the direct rays 
of the sun, they were of a much lighter hue, but still not white,. 
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Specimons which I kept for a year and a half in white vess.ls, and as 
close as possible to a window with white blinds, assumed a very light 
yellow-green colour in which a very few scattered specks of black 
pigment could be detected ; but the small silvery spots which sometimes 
appear on these creatures when about six months old attained so large 
a size, particularly on the tail, that the animal might be described aa 
yellow- green with silver spots ; in some cases the silver spots predo- 
minated. In young specimens of this year's brood, which were also 
from the first reared in a diffused white light, the green colour is already 
beginning to show, and the silver spots also on the larger specimens on 
the face of the external branchiae. (This is in August; the young 
Axolotl are about 50 days old, and the larger-sized ones about 7 cent. 
long.) These results of my experiments agree tolerably well with 
those of Pouchet and Lister if we assume that the colouring of the 
Axolotl is produced entirely by the action of chromatophores. The 
black pigment and the silvery hue, at any rate, appear to reside in such 
cells, but the pale yellow-green ground hue of the specimens kept in a 
white light appears to result from a pigment distributed and diflEused 
throughout all the organs. Hence any pronounced adaptation of 
colouring to the surrounding objects such as occurs among fishes and 
crustaceans is certainly not in question, and nevertheless the whiter 
light induces paler colouring. 

The pigment of butterflies of which the pupae lie buried in the 
earth is developed in total or almost total darkness before they escape ; 
the chitinous skin of many pupae (of moths, &c.) is so dark as to be 
almost perfectly impenetrable to light ; nevertheless pigment of very 
various characters developes in them. We may, indeed, presume that in 
most viviparous animals the development of the embryo takes place in 
total darkness ; nevertheless they are all born with bright colours. Here 
too must be mentioned the observation made by Keibert that in the 
embryo of the chick certain pigment cells which appear in the cutis 
about the fifteenth day have wholly disappeared by the twenty-third. 
It* may be supposed that not much light, or none indeed, can penetrate 
to the embryo through the egg-shell and membranes; nevertheless, 
pigment cells are formed and disappear again during the course of 
the embryo stage. No explanation of this remarkable circumstance 
has as yet been given. It is not uncommonly supposed that the pre- 
sence of a dark pigment in the skin of human beings is due to the 
greater intensity of light, as proved by the predominance of dark 
races of men towards the equator and by the darkening of the skin 
in summer. As, however, no experiments are before us by which the 
chemical or heat rays have been excluded from acting on the skin at 
the same time as the light rays, while the action of the air and that 
of difference of nourishment have remained disregarded, we cannot 
consider the conclusion as proved, or even admissible, which asserts that 
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the development of the skin-pigment Is influenced by light, even with 
regard to man. 

Note 21^ page J»2. Heincke describes the colours of Gobius JRvthenS' 
parri as follows : * In the first instance a black velvety spot is conspicuous 
lying at the base of the caudal fin and surrounded by a beautiful golden- 
yellow margin. A similar black spot, but without any yellow rim, is 
found in the male, on each side, at the base of the pectoral fin ; this is 
absent in the female. The ground-colour of the back of the male 
is, in the breeding season, of a dark brownish black, cutting in on the 
green ; on the head it is lighter with a reddish tinge ; there are five 
light-coloured saddle-shaped spots with a metallic sheen, and the imder- 
surface of the head is of a vivid copper-colour with a golden gleam. 
On each side, between the light and dark colour of the body, and rather 
below the lateral line, there is a row of vivid spots as bright as jewels, 
glittering now blue, now green, and there is a similar spot on each gill- 
covering, which is otherwise red. The two dorsal, the caudal and the 
anal fins are cherry colour and yellow, or show green stripes and bands 
on a dark ground. The pupil of the eye shines a deep blue.* To this 
somewhat abridged description he adds : * I have given these elaborate 
details that the reader may form some idea of the beauty of the Gobius 
at certain moments, for all this gorgeous colouring may vanish within a 
short time and not return in its pristine splendour for a long time.' He 
then fully describes the chromatophores and their function. 

Note 28, page 97. Dewar, ' The Physiological Action of Light,* 
Nature, 1877, p. 433. 

Note 29,page 99. Darwin himself frequently uses the word * colour * 
where * distribution of colours ' or * mode of colouring ' would be better. 
Still it is always clear from the context that he attributes to origin 
through Sexual Selection only such variations in colour as occur for in- 
stance in the male and female of the same species, and to Natural 
Selection such as have proved a protection, and therefore advantageous 
to animals. To assume colouring, i.e. the determined mode and arrange- 
ment of colour, is to assume the pre-existence of colour ; the question as to 
how this originated has never, to my knowledge, been inquired into in 
these later times, and perhaps it is for this very reason that it has fre- 
quently been confounded with the origin of the mode of its distribution. 
(Compare Darwin, Descent of Man, chap, on Sexual Selection.) Other 
naturalists, at any rate, have certainly made this confusion. Thus, for 
instance, the variation of green to brown which is exhibited by many 
Sphinx-caterpillars has been attributed to natural selection (see Weis- 
mann, Studien zvr Descendenz-Theorie, Die Bntitehung dcr Zeichnung 
bei den Schinettei'lingsravpeoi, p. 80). Selection, however, could not 
possibly effect any alteration in the pigment, but could only operate 
after such a change had actually occurred. 

Note 30, page 100. There are many works, not here referred to, on 
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the effects of light on the animal organism. Some are of too special a 
nature and too exclusively addressed to medical physiology-^as, for 
instance, the observation that frogs disengage more carbonic acid in a 
green light than in a red one ; those on the dependence of the colour 
cf the skin on certain constitutional diseases, «&c., while some are not 
sufficiently detailed to allow of their being used here. To these belongs, 
for instance, Strethill Wright's observation that polyps of the higher 
Acalephae are said to multiply abundantly in the dark by buds, while in 
the light, and with insufficient supplies of food, they bring forth Medusae. 
To these also belongs all that has been said of the dependence of lighter 
or darker tones of colour on the various intensity of light. Thury *s obser- 
vation that, under a green light, tadpoles retain their gill-respiration, 
while their legs are not formed, and that finally they die, comes under 
the same category. Likewise the phenomena of melanism and hyper- 
chronism (see Ridgway, * On the Relation between Colour and Geogra- 
phical Distribution in Birds ; * Silliinaii's Ainer. Jaiirn.f scr. 3, vol. iv., 
1872, p. 454), which are attributed sometimes to the influence of heat 
or of light, and sometimes to the general climate. The statement, too, 
that white rabbits are most easily and certainly reared in a white re- 
flected light, is worthy of attention. I owe this remark to Dr. Braun of 
Wiirzburg, who met with it recently in an agricultural journal. In this 
case, as in all cases of experiment, it is requisite to distinguish between 
the different causes, and to investigate separately the effects of each. 
Hitherto we, the zoologists, have made very light of these physiological 
labours. Hartmann, and a certain Herr Hesse, declare that a conibina- 
tion of absence of sunlight, cold, and damp, is the cause of the occur- 
rence of albinos (1) among snails ; if it is not the one it may be the 
other. 
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Aote 31, poffe 104. The method of meteorological diagrams could 
at most be applicable to cases uninfluenced by annual and diurnal 
variations of temperature ; as those of creatures living in the depths of 
the sea or of fresh- water lakes, in deep springs, or in the intestines of 
warm-blooded animals. And even in these cases such • curves would be 
of no practical application, since we cannot" transfer them from the 
animals for which they hold good at the present time, so as to draw 
any conclusion with regard to unknown, i.e. fossil forms ; nor can we form 
any opinion as to how the creatures living under such equable tem- 
peratures would behave if they were suddenly or gradually exposed to 
the effects of a different degree of heat. In point of fact, the applica- 
tion of climatic curves— even in its more limited form^has only hin- 
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dered the progress of our knowledge of the real effects of temperature 
on the life of animals. 

N(jte 32, page 105. * In the shallow seas of temperate latitudes, only 
such animals can exist and preserve their reproductive powers as are 
qualified to endure every variation of temperature which may occar in 
the course of the seasons — Eurythermal animals, as they may be desig- 
nated in one word. The number of eurythermal marine animals is very 
much smaller than the amount of species which can only live in such 
provinces (marine) as exhibit an equable or slightly variable tempera- 
ture — Stenothermal animals, as they have been called.' 

Note 33, page 109. I must, however, warn the reader against the 
assumption that every such dwarfed race was produced by the influences 
here described. In many places, for instance, where formerly really 
gigantic pond-mussels were found, now only quite small ones occur ; 
and it is well known that the European oysters are gradually becoming 
smaller. This results from the circumstance that both these mollusca 
are capable of reproduction while they are still quite small, and now 
never grow to their full size, becaui^e they are destroyed before they 
have accomplished their full growth. The dwarf races of certain Libel- 
lulae in the south of Europe appear again to depend on other causes. 
The multiplicity of circumstances by whose co-operation dwarf races 
are produced appears to be very considerable ; we shall have occasion to 
examine them somewhat more closely in another chapter. Unfor- 
tunately no satisfactory experiments have ever been made. 

Note Z^^ page W^, Winter-sleepers — i.e. animals which during the 
winter fall into a dormant state, and remain in it for weeks, or even 
months, without dying — are to be found in almost every group. I may 
refer the reader to the enumeration given by Schmarda {Tkiergeogra- 
pldb, i. 9-11). It might be well to distinguish two groups of such 
animals, according to whether they are warm-blooded or cold-blooded. 
These last — as we infer from some observations merely, it is true, and 
not from experiment — appear to possess the faculty of living a latent 
life at a very low temperature, i.e. to sleep ; and if we suppose that no 
alteration takes place in the processes of assimilation, but only a retard- 
ation, every cold-blooded animal might fall into winter-sleep. With 
warm-blooded animals it is otherwise. These, as is well known, are 
easily frozen ; according to Horvath's experiments— to be more 
exactly described presently — it is extremely probable that no warm- 
blooded animals can become winter-sleepers but those which are able 
to become actually cold-blooded at a sufficiently low temperature. 
Even young animals of other species which have at birth a remark- 
ably low temperature, almost as low as that of cold-blooded animals, 
are incapable of enduring low temperatures for any length of time ; they 
fall asleep, it is true, but at the same time they die. Of course, even 
the wint£Xrsleepers among jnammala cannot bear to be actually frozen. 
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iN'bfc S5,pafft> Jll. The high body -temperature of the true warm- 
blooded creatures, birds and mammals, oecillates within very narrow 
limits. In man it rises to 36-38° C. ; in dogs to about 30° ; in the sheep 
to 40'^ or rather more; in birds it is higher, rarely under 40° and 
usually as high as 42° to 43° C. (For very ample data see M. Ed. Anatomie 
et Physiolcgis Comp.f viii. pp. 16-18.) In cold-blooded animals even it is 
always a little higher than that of the surrounding medium, but it 
rises and falls with this, while the true warm-blooded animals maintain 
the same, or nearly the same, temperature in spite of the variations in 
the air or water. How far this may also prove to be the case with 
such cold-blooded animals as have a temperature considerably higher 
than that of the surrounding medium has not yet been investigated ; 
we know, for instance, from Davy, that in Bonitos the temperature 
is 1 0° C. above that of the water ; in Pelamys sarda, 5° ; according to 
Czermak, the Proteus of the Adelsberger grotto has an internal heat 
of sometimes 5-6*' C. above that of the water. It may also be men- 
tioned that some species of Python, when depositing eggs, have a body- 
warmth of 6° C, and that sometimes a very considerable degree of heat 
prevails in a beehive. 

2Vbte 'S6ypage 112. The facts given by Horvath are of the greatest 
interest. The following is perhaps of the highest physiological impor- 
tance. It is usually supposed that the awakening of winter-sleex)ers 
Ls occasioned by a rising temperature ; but in Horvath's investigations 
this was never the case ; during two hours and forty-five minutes, which, 
in the one experiment communicai;ed, were needed for complete awaken- 
ing, the temperature of the room remained exactly the same — 10° C. — as 
during the three previous days when the animal was still asleep. This 
proves that the waking up of the weasel must be caused by some internal 
cause which we do not as yet know. But his other observation is far 
more remarkable ; namely, that during the awakening, the body tem- 
perature of the weasel rises rapidly, and more rapidly during the second 
half of the process than at the beginning ; for instance, in the experi- 
ment which is given in detail it rose in the first hour and fifty-five 
minutes only about 6*6° C, and in the following fifty minutes about 
17°. This remarkably rapid increase of body-heat took place, moreover, 
without any vigorous movements, which might otherwise have been sup- 
posed to cause it — even the rapidity of breathing showed no increase 
corresponding to the rise of temperature. 

I must not here pass over in silence the view lately expressed to me 
by Dr. August Forel, of Munich (well known by his admirable researches 
on Ants) ; a view founded on certain observations, hitherto unpublished, 
that winter-sleep does not depend at all on the diminished temperature 
in winter, but rather on influences determined by food. A dormouse 
that he kept went to sleep even at a high temperature of the air, in 
August and September, and slept as somidly as in a true winter-sleeps 
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while its body temperature, according to the figures he was so good as 
to communicate to me, was never more than a few degrees higher than 
the air. 

Note 37> page 112. It is a fact that frogs often deposit their spawn in 
water hardly above the freezing-point, and a vast number of inverte- 
brate creatures live in equally cold water. These same individuals, 
however, do not perish when even their body temperature is raised in 
the summer to more than 30° or even 40°. How far they suifer from 
it is, however, not established. 

Note 38, page 1 14. An enumeration of the observed or reported cases 
of the resuscitation of wholly frozen animals is to be found in Schmarda's 
Thiergeographie, i. pp. 8 and 98. Insects, fishes, toads, Actinia, 
Crustacea, Mollusca, and Nematoda figure in this list. It is well known 
that fish can be conveyed in ice, or even quite frozen up, and revive on 
being thawed again ; but in all these cases the thawing must be very 
slow and gradual ; if it is too rapid the creature dies. Plants exhibit the 
same characters. 

Note S9fpage 116. It is difficult — in some cases quite impossible— to 
decide whether the data given are to be depended upon or not ; isolated 
and incidentally made observations are often made to serve as evidence 
for general statements. Thus it has been said that the Arctic fox is white 
in winter, and in summer of various colours ; but Payne says this is in- 
accurate, and that Canis lagopns may be found white, blue, or grey at 
all seasons of the year. 

Note 40, page 117. Weissmann succeeded in transforming all the 
individuals of a summer brood of PieHs Napi to the winter-form by 
maintaining a low temperature. With reference to Weissmann's estimate 
of the facts communicated by him as to the rearing of Vanessa levana- 
prorsaf I must observe that I cannot agree with him ; interesting as his 
researches are, they do not seem to me either to have been carried out 
systematically enough to allow of the deduction of any definite con- 
clusion, nor to prove that the speculations propounded by him are 
thoroughly well founded. 

Note 41, page 119. * Assimilation in plants is only possible between 
a specific minimum and maximum of temperature ; between these two 
extremes lies an optimum for the development of the species.' So 
says Pf effer, ^nd this shows that the same law obtains for plants as^ for 
animals. Unfortunately we cannot assert that we have ascertained the 
curves of temperature for animals, as botanists have already done for 
many plants. This, it is true, results in great measure from the diffi- 
culties offered in experimenting on animals ; the phenomena of life 
are far more complicated in them than in plants, they grow much more 
slowly and at the same time are far less easy to measure and to confine. 
However, there are a number of rapidly-growing cold-blooded aquatic 
animalfl (water-snails, Naidiae, Branchipa^ Apus, &c.) which are not 
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particularly diflS cult to rear and wHich can «ven easily be measured^ 
Bystematically conducted experiments on them would undoubtedly 
yield very pleasing and valuable results. Brauer's researches oh the 
Phyllopoda afford a striking proof of this. He found that individuals 
of a species of ChirocepJialus lived for weeks in a temperature of 19° C, 
but never attained sexual maturity ; but they acquired sexual functions 
within two days when exposed to a temperature below 1 1° C. The 
eggs of a species of Branchipus could not be induced to develope 
until after he had strewn them on slowly melting ice broken into 
small fragments. It is much to be regretted that Brauer has given no 
exact curves of temperature for the different species he reared ; but 
even as it is, it would seem that we may infer from his remarks that the 
optima of temperature are often very different for quite nearly related 
forms. 

Note i.2y page 120. With reference to these animals I must refer 
the reader to Schmarda's list {Thiergeographie). The highest degree 
of temperature hitherto observed as endurable by any fully grown 
animal without inconvenience of any kind is 75° C. ; in Sparus Des- 
fontainesii in the hot springs of Tozer and Cafra in Tunis. Plateau's 
observations (^Mecherches phyHco-chimiqices sur les AHimiUs aquatigneSf 
2me partie, Bruxelles, 1872) only appear to contradict this; for he 
only experimented on such animals as live in cold water or thermal 
springs of moderate heat. There is even a certain contFadiction 
between the results of his experiments and the facts he himself records 
as to the existence of animals in these thermal springs. These springs 
have, according to Plateau's list, a temperature corresponding exactly 
to the maximum which can be generally endured by such animals ; 
thus, if we regard his experiments as conclusive, they would live and 
propagate in a temperature which, being indicated by the extreme limit 
of the curve constructed to show their power of living, could not 
therefore be regarded as actually favourable to them. However, the 
experiments themselves were not conducted on a conclusive plan, for 
the gradual cooling of the water was not prevented, nor were the 
investigations carried on for a sufficiently prolonged period. But we 
must not be led to confound with these certain well-known cases of 
great resistance to extreme heat exhibited by the eggs of the lower 
■animals, Insects, Rotatoria, Nematoda, &c., or by the capsuled Infusoria, 
or by certain larvae. It would seem as though these were thrown into 
a state of latent vitality— exactly as under conditions of extreme cold 
— during which their vital functions remained inactive ; while in the 
animals living in hot springs exactly the same processes of assimilation 
must take place as in those living in colder water. An experimental 
investigation on an extensive scale of the i)Ower of resistance to high 
temperature in the eggs or germs of the lower animals would certainly 
amply repay the trouble. Brauer states tbat the eggs of Apv4 ecmcri- 
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formis axid Branchijms gtagndlis and torvicbrnis may be exposed to 
the ntmost heat of the sun without perishing. 

Nate iB, pa^e 121, Summer-sleepers are found among the most- dis- 
similar groups of animals. The Tenrec of Madagascar. (^Centetes) is 
well known, Darwin found insects, spiders, snails, toads, and lizards, in 
a summer-sleep, in Brazil. Most of the. land moUusca of the Mediter- 
ranean province pass the summer in a dormant condition, and the same 
is true in the tropics. (Comp. Schmarda, Thiergeog. i. 12.) As I have 
said in the text, in most cases, pertiaps in all, the true cause is the 
dryness of the air which is usually associated with a high tempera- 
ture. No experiments have been made that can prove that during the 
summer-sleep the vital processes are not merely reduced to a minimum 
of energy, but also altered as to their nature — as they are in winter- 
sleep. 

Note 44, page 122. It is known that in man for instance,, sexual 

maturity is attained at a much earlier age between the tropics than in 
northern climates ; girls of twelve are in Cuba regarded as fully grown 
and marriageable. This phenomenon is far more striking in swine. I 
myself have seen pigs in Manila of which the males at three weeks old 
were ready and fit to be put with fully grown females. But the great 
variety of circumstances which co-operate to produce such early maturity 
leave it doubtful whether it is solely due, as is assumed, to the high 
temperature of tropical climates. We have seen, in note 16 to Chapter 
II., an instance of early maturity induced by suitable nutrition. 

Nate 45, page 125. It is known that during the winter frogs eat 
little and hardly grow at all, nevertheless their eggs are formed during 
that season. Precisely the same obtains with regard to Lymnaa; I 
have proved that the minimum of temperature which allows them to 
assimilate food and so to grow is much above the winter-temperature 
at which they deposit their eggs. It is known, moreover, that the larvae 
of frogs which have not grown fast enough in the first year to allow of 
their transformation taking place in due time, live through the winter 
as tadpoles and do not begin to grow again till the following summer. 
Now, it would be interesting to investigate whether in larvae thus 
retarded by cold the germ-glands are any further developed than is 
normally the case in the larva stage. 

Nate 4:6, page 125. According to the result of lesearches conducted 
by me during many years, in large individuals of the Axolotl about 
48 hours are sufficient to allow of a large number of unfertilised ova to 
pass from the ovary into, the oviduct, to become surrounded with an 
albuminous envelope, to be fertilised and deposited. I have repeated 
the experiments which prove this many successive years with the same 
results. If the Axolotl is kept in small aquaria without plants or 
sand, individuals that are sexually mature will deposit no ova, even 
though the water is changed daily and they are well supplied withfoodi 
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I have by thia process reduced to sterility for two whole years eight 
old Axolotls, which had previously produced seven generations of young 
ones ; when I replaced them in a large aquarium with running water, 
sand, pebbles, and plants, in fifty hours they began to deposit eggs again 
and produced from 900 to 1,000, of which at least 700 developed. This 
in no way depends on the season of the year ; at least three broods of 
eggs can be obtained from the same female in one year. But the experi- 
ment is apt to be rather a dangerous one, for tlie males not unfrequently 
perish if the sexual processes are interrupted too soon. 

Note M^pnge 126. To these lairva-forma belongs the much-talked- 
of Axolotl, whose capability of becoming under certain circumstances 
a gill-less land-animal —Amblystoma — has been most undeservedly 
celebrated as a perfectly marvellous phenomenon. It was assumed 
that in Mexico, its native home, it never underwent any such transfor- 
mation. But this is incorrect, for in the museum at Vienna there are 
specimens of Amblystoma and of Axolotl which were collected at the 
same time in the lake of Mexico. I owe this observation to my friend 
Steindachner. The Axolotl of Lake Como, by the Central Pacific Rail- 
way on the summit of the Rocky Mountains, according to Mr. Garlin, 
always is transformed into Amblystoma — it is Amhlystoma mavortium. 
But the effects of an insufficient body of water, which is said by Weiss- 
mann to cause the transformation of the Mexican Axolotl, cannot occa- 
sion it in that of the Rocky Mountains, for it takes place in the water ; 
and the Amblystoma, so long as they are little, actually live exclusively 
in the water, as I know by my own experience. A young Amblystoma, 
which I kept alive for a long time, never went out of the water of its 
own free will, while one nearly twice as large lives entirely on land 
and only takes a bath now and then. It always goes into the watex- 
when the temperature of the air in the cellar, in which my aquaria 
stand, falls below that of the water— down to about 6° or 8° C. 

Note 48, poffs 129. Brauer's researches on the Phyllopoda contain a 
mass of valuable observations on this point, which I will here collect 
and reproduce for the sake of their wide general interest ; unfortunately 
they cannot be tabulated. 

In all the species of Branchipus, e.g. Chirocejyhalvs Braiieri, vhich 
first appear in early spring in jxwls of snow-water, a rapid rise of tem- 
perature from the freezing-point is the first and chief condition of de- 
velopment. These species perish at a temperature of 19°C. At a suitable 
temperature — about 10°C. ? — the development of Chirocephalus from the 
egg to sexual maturity takes only twelve days. 

Freezing the soil acts upon Apns cancrifomiiit Brcmchiptis ftagnalUy 
and B. torvicnrnU, in the same way as desiccation, and in warm spring 
days theydevelope in snow-water pools just as quickly as at midsummer 
in warm rain-water pools. 

Bggs of Zejndurus productus kept in damp earth from Anril till 
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December, and then exposed to freezing for 14 days, at 6^ C, yielded a 
large number of larvae. The fully developed Jjcjiidurus producttis can 
bear a temperature only of from 0° to 18°C. 

The eggs of a species of Aptis from Khartoum, on the other hand, 
developed in great numbers at 25°C. 

Compare on this subject the data given in * SaUon-Diriiorphismus ' by 
Weissmann,- as to the accelerated development of different individuals 
of the same species of caterpillar under a raised temperature. 

Note 49, page 132. Mobius says : * MoUusca, Crustacea, and worms 
which occur in the deepest parts of the Arctic Ocean, are also found in 
the shallow portions of the Baltic ; but they are much larger than those 
in our milder latitudes, because no extreme changes of temperature there 
interrupt the quiet order of the vital processes, as they do in our more 
variable seas.* 

Hate 50, page 133. Mr. Buxton himself has not given any account 
of the matter. I have taken my information from an interesting paper 
by Herr E. Friedel, in the Zoologisohen GaHen, 1871, p. 65. In the 
winter of 1867-68, the cold in Mr. Buxton's wood marked —7° C, and 
yet not one cockatoo perished. Strangely enough, the Carolina parrot 
(^Pgittacus carolinensis) suffered most, though in America it is distributed 
as far as Canada ; while the true tropical Cockatoos of the Moluccas 
throve extremely well. It is to be regretted that this experiment of 
Mr. Buxton, who is now dead, should not have been still further carried 
out by his brother. 

Note 5\,page 136. Mobius says : * We ought not to be surprised at 
finding eggs of mollusca and of worms in the depths of the Gulf of Kiel 
at every season of the year, even when it is covered with ice. On 
January 26, 1 862, a stake was pulled out of ice which had been formed 
eight days, to which clung clusters of the eggs of Dendronotiis arhorescens 
and .^Jolidte. Nevertheless, most of our Opisthobranchiata spawn most 
freely from May to July.' Hence a certain periodicity is displayed in 
the Gulf of Kiel ; and it would seem, according to Mobius, that the young 
brood is caught in the greatest abundance soon after the time when the 
deposition of eggs has reached its greatest height, while large specimens 
are found all the year round. 

Nate 52, page ISQ. In the Gulf of Kiel the mean monthly tempera- 
ture varies, at the depth of 16 fathoms, between a maximum of 14° and 
a minimum of 1-5° C. In the Philippines the difference between the 
extreme monthly mean of the temperature of the air reaches at the 
utmost 7°. In the Baltic and in England, as remarked by Meyer and 
Mobius, at the same depth, the water is much less strongly affected by 
variations in the temperature of the air. To what depth these variations 
do in general affect our seas is not known, and it must at any rate be 
greatly influenced by local conditions. 

Note 53, page 136. The largest number of Aspidochirato) in the 
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Philippines live in 0° F. ; in the Mediterranean, in 20-30® F. ; in the 
North Atlantic, in 30-60° F. 

The largest number of Dendrochiratcs in the Philippines live in 1- 
J0° F. ; in the Mediterranean, in 10° F. ; in the North Atlantic, in 
20-60=^ F. 

The largest number of Synaptidce in the Philippines live in 0® F. ; in 
the Mediterranean, in 1-10° F. ; in the North Atlantic, in 1-10° F. 

Brachiopoda — Litigula — ^which occur only at great depths in the 
North Sea, in tropical seas are found near the surface, and even some- 
times exposed to the ebb and flow of the tide. 

Note 54, page 137. If we assume that the place where we find the 
greatest number of individual species and genera living together is to be 
regarded as their primary habitat — or centre of distribution — then the 
Crinoids, Sponges, and many other remarkable forms now living at the 
bottom of the sea must decidedly be designated as cold-water animals. 
For by far the larger number of them live at depths where the tempera- 
ture remains without any conspicuous variation throughout the year at 
the low point of from 1-2^0. 

Note 65, page 139. Schmankewitsch's observations on Artemia and 
Branchipus promise to be of the highest interest in this respect. He 
found that in individuals which had their assimilation interfered with 
by a too considerable increase or diminution of the saline components 
of the water, the injurious effects of this saltness could be entirely neu- 
tralised by a diminution or, on the other hand, by an increase of tempera- 
ture. He furthermore observed that the size of the gill-sacs of Artemia 
was directly dependent on the temperature of the water, increasing in 
size with a higher degree of warmth. However, he detracted from the 
value of his observations by introducing into his estimates one wholly 
unknown quantity, namely, the amount of air contained in the water 
(in his experiments), and by attempting to explain everything by the 
variable proportion of air contained in water of different salinity at 
different temperatures. General propositions, such as he puts forward 
hypothetically as to the part played by the air contained in the water, 
are in such a case of no use, or even misleading. 



CHAPTER V. 



2Vate B6,paffe 146. It was impossible to enumerate in the text all 
the fresh- water animals that live in salt water; I here subjoin a tolerably 
complete list, which, however, makes no preten^don to being absolutely 
exhaustiYO. 
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Turhellaria, 



Microstomum lineare, at Greifswald, in the Baltic (M. S. Schultze, 
Arch,/: yahirges., 1849, v. 15). 

Annelida, 

Enchytrcsm gpiouliu ^ Frey and Leuckart, at Heligoland, on the 

Sarmrut neurosoma /seashore in mud (Frey and Leuckart, ^ur 
Kenntniss wirbelloser TJd&re). 

TvMfex papillosus, Clap, "i 

HeteroehcetacostataiCjlai.^. > In the Atlantic (ClaparMe). 

Ctenodilus pardalUy Clap. J 

PaohydriluSj Clap. — All the species live in brine-pools, as Kissingen, 
Ejreoznach, &c. 

PontodrUus Marioni, — Sea-coast near Marseilles, in pure sea- water. 

Cyxtohranchtis viridUt Verrill.— A leech, living equally in fresh and 
salt water (Report of Prof. Baird on Fisheries for 1872-73, p. 686). 



1. Crugtaoea. 



Arthropoda. 



Gammarui, species 

Cyclops, species ^ 

CyprU 

PalcBmon Idee (Heller) 

PaU»VMn,i species n. 



b'ound by me in estuaries which occasion- 
ally contain strongly salt water, at Zamboanga, 
S.W. point of Mindanao, Philippine Islands — 
October 15, 1859, by my diary. The typical 
genus Palaemon is a true fresh- water form ; 
almost all the species live in pure fresh water, 
and many occur high up in mountain streams 
as far as 6,000 feet above the sea. Only the 
two species here mentioned occur in brackish 
water or on the sea-shore. Pahsmon Idee I also 
l^found in the harbour of Hong Kong. 
AftacUn. — Two species in the Caspian Sea ; associated with marine 
species (Eichwald, Ariih.fiir Naturg., iv. Jahr.). 

Bra/nchipus stagnalis, a typical fresh-water form, is said by Braun to 
grow much larger in salt than in fresh water, but he does not mention 
whether the Crustacean remains otherwise unaltered. 

Daphnis rectirostris and other species live, according to Sohmanke- 
witsch, equally well in salt and fresh water, but they exhibit certain 
differences depending on the medium. 

2. Arachnida. — Sea-mites are by no means rare. Gosse has described 
three English species (^Ann. Nat. Hist., ser. 2, vol. xvi. pp. 27, 305). 

Pontarchus was found by Philippi on the shore at Naples. 
^ ThaUMsarachna VerriUii (Pack.) lives in deep water off the American 
coast (^Silliman's Am. Jonrn., 1871, February). I myself have found 
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true si'irlcrs in tissures in blocks of coral which were under water- at 
every liip:h tido ; they were very common in Bohol and at Zaznboanga 
in the P)nli]>])in('8, hut as yet remain nndescribed, for my collection of 
Anicbnida 1^ in \ho lliimbarg Museum, and has not been worked 
uiMin. 

:). I/ijtictn. Diirwin, in his well-known Katuraligft 'Voyoffe, alludes 
in many ])la(*es to marine insects, principallj beetles and bugs. Many 
insoct:) have lately been discovered on the coast of North America by 
l»ainl {Ilvp, on the Condition of the Sea-fisheries of the South Coatfof New 
Kinjland^ 1 ^7 1-2, p. 1) and Packard {Proc. Essex Inxt, vol. vii. p. 44, and 
N/7///«</«*x Journal, 1874, p. 131). These are beetles, bugs, and flies. I 
found a few marine inserts in the Philippine seas, but they unfor- 
tunately remain undesmbed. Of older observations I may mention 
Slabber's di])tcrous larva, probably the larva of a species of Chironomwi; 
and I foimd an abundance of a very similar species in the Philippine 
seas, where swarms of Hies sometimes cover the surface in still bays ; 
th(>n Audouin, who observes that JJlemvs fulreseens surrounds itself, 
like tlie fresh- water ArgyronetOy with a bubble of air. Among the 
H em i I »t I ' 1 a Sti Ida, ( brijra, Hygrotrcch wjr, and Hahhates — the species of 
JIalobutcs are most cons])ic'uous, for they are found in every stage of 
develo])mont runninpf about on the surface of the sea, often hundreds 
of miles from land. Ei«i:ht species of the genus, as I am informed by 
my friend l^r. llagen, have been described ; that described in the text 
and discovered by me is a new species and the largest of all. They are 
found in the. Atlantic, Indian, and PaciHc Oceans, as well as in the 
<'hinese Sea, but only in tropical or subtropical regions. 

Insi'c^s arc iilso fotuid in salt-water lakes inland. Packard found 
eifjht different sj)ecies in Clear Lake {Sillimaii's Jotirnal, 1871) and one in 
l^ike Mt^no. Numerous insects exist in the brine lakes of Europe, but 
no collection or (!omi)lete description of them is known to me. I experi- 
ment(Kl this year on some larvae of flics which I found in a basin in the 
courtyard of the Wurzburg University ; they lived in sea-water very 
luippily for five or six days, but then perished. I suspect, however — and 
sh;ill test it more accunitely next ycAr— that they died for want of food. 
Compare with this Plateau's experiment; see below. 

MoVus('a,— (-yclas, ^ wi'r>, and Anodonta live in the Livonian Gulf 
associated with TvUina and Vcnvs. In the Baltic we find L^wntea 
aurirnlaria and orata, and Xctitina fluriatilU with marine mollusca. 

Paludina and Neritina arc found in the Caspian with Mytilus and 
(ardifim, according lo Eichwald. 

Plamyrhis glaher (Jeffreys) is found in 1,115 fa'hfims north of Cape 
Tencz, Algiers. 

Unio sp., within reach of the sjilt- water flow in Brisbane river; 
( Voy. of RattlrstiaJte, vol. ii. p. 362). Tiaer found Unio at the mouth of 
the Dwina. 
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Nilason found an Anodonta on the sea-shore in Sweden and Norway, 

Neritina viridis in the sea, in 3-10 fathoms, and in estuaries in the 
West Indies. 

Neritina matonia (Risso) at Nice. 

There are many brackish and salt water species among the NeritincPt 
and several of them are highly characteristic of their habitat. I my- 
self found not less than 16 or 17 species in the Philippines. In pure 
salt water (3-4 per cent.) I found Neritina Mortoniana, piilchella^ and 
panaensis new sp., all belonging to the same group. In brackish 
water, or in spots bathed by salt and fresh water alternately, were 
the following : N, Mortoniana, paradoxa (new sp., cassiculnm ; then 
gubauriculata and four allied species; in the mangrove swamps, JV. 
commtmU, nczae, and a few other species, and finally, in the same 
locality, but exclusively on the trees, iV. dubia, earnea, and subsulcata, 

Melanopms postata, in the Dead Sea (Schmarda, Geoff, der TMere, 
i. p. 63). 

J^Moa ulvofy a Hydrohia, in slightly salt water or in very salt water. 



Vertehrata. 

Goftterogteus aciileatus \ n i e ^* xr- i 

AiigwiUa fluviatilu J 

In the brackish water of the Baltic Archipelago, according to 
Eckstrom, the following fresh-water fishes are found living : 

Cattu* ffohiOf JAfta vulgaris, GasterosteiiSf Acerina, Ziicioperca, and 
thirteen Cyprinidae. 

Eichwald found the following fishes in the Caspian Sea : Cyprinvg, 
Esox, Perca, Lucioperca, and CohitiSf associated with true marine species 
- Clupeay Synfffiathns^ GoMus. 

If we regard the Crocodile as a typical fresh-water animal, we must 
mention here that Crocodiltis hiporcatug of the eastern hemisphere, 
and an American species, according to Humboldt, live in the sea. Amhly- 
rhynchiut ater is also a marine reptile. 

The mammalia and birds that live in the sea can scarcely be in- 
cluded under this head, and an enumeration of them would be super- 
fluous, as they are very generally known. 

Note 57, page 146. All sea-snakes are viviparous. The females retire 
to hollows in the rocks in low islands where the young are bom, and 
they do not immediately abandon them, though it is not known how long 
they remain with them. I found once on the east coast of Mindanao 
an enormous female, apparently of Platurus fasciatu^, lying quietly 
curled up between limestone cliffs, and among its rings and partly on 
its body lay at least twenty young ones which already measured, as I 
should estimate, more than two feet in length. It was by the narrowest 
chance that in climbing over the cliffs I did not walk into this nest of 
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snakes. ]My foot was raised, and not more than two feet from thespot^ 
when I discovered the venomous brood just below me. 

yote iiSy jfoffc lis. The following list of marine creatnres li\'ing in 
f ro>h water is not complete. 

Galenterata. 
Cordt/LijfJim'a hicuntns (see text). 

Bryozoa. 

Mvmhrauij)ora hvugalenfis (Stoliczka, Proc, Asiat. Sao. JBeitg. Juij 
187S). 

Victflrclla jfavida (Kent, Quai't. Joiurn, Mioro. Soo, 1870). 

A Flufdra of a closely allied species in a fresh- water tank at Nagpoor, 
on the shells of Pahidina hcngalefmt and on water plants (JLnii. Jlia§. 
Xat. Ilist.y scr. 3, vol. i. p. 1G8). 

Annelida. 

ytrt'is and Xemiiicx o£ various kinds were found by Tschemiawskj 
in a lake in Mingrelia of which the waters are drinkable. ATanajfunhfa, 
a Cephalobranchiate discovered by Leidy in fresh water at Philadelphia. 

AHhrajwda. 

Tlio number living in fresh water is extraordinarily great ; I will 
hero mention only the most important, and refer the reader to the great 
work of Kd. von Martens. 

Species of BaJanitsin Lake Palicotoma, according to Tschemiawsky. 

Cypi-i* salina and Cypridnjnis aculeata in quite fresh water, accord- 
iiif( to Brady (^Xat. 7/ist. Trans. Northumberland and Durham, vol. ii. 
part i. p. 121). 

JSnjii/rits, sp. div. ? Besides those in the Philippines (see text) 
species occur in India ; and in various museums, as in Munioh, I have 
seen them with a fresh- water Palaamon, P. itidicus. To my knowledge 
they have not yet been described. 

A species of PcndUiy according to Peters, lives on a GoHun in pure 
fresh water in the Laguna dc Baj' at Manila. 

The marine forms which now are found at the bottom of the 
Swedish and Norwegian lakes are of the highest interest : Myitis relicta 
(Lovi'n) is still living as Mysis ovuhita in the sea near Greenland; 
I*ontoj)orna q/finislivca in the Baltic and in northern fresh-water lakesv. 
Both species have lately been found by Alleyne, Nicholson, and Smith, 
in the great North American Dikes Ontario, Superior, and Michigan (see 
Silliman's Jonrn. ser. 3, vol. v. 1873, p. 387 ; vol. ii. 187 J, pp. 373, 448 ; 
vol. vii. 1874, p. 161. 

I may add to the list of fresh-water crabs given by Martens Varuna 



jsoiEs. 437 

literata^ of which I have found identical specimens on Fucus, on the 
high seas, in brackish water in the estuaries of tne Philippines and in 
pure fresh water high up the country in Luzon ; it also lives in Lake 
Taal. Three or four still undescribed species of the marine form 
Hyvienosoma 1 discovered in the bogs and rivers of the Philippines and 
in the river near Canton. Birgus, Cenohita, many GrapsoidcBf Geoarcinus 
and others — Crustaceans living on land — properly speaking do not 
belong here, but they may be mentioned, for at least they do not live in 
sea-water and are certainly often enough exposed to rain. 

A species of Penaus lives in a tributary of the Sutlej at the foot of 
the Himalayas (Huxley, Proe. Zool. Soc. 1878, p. 787). Penceits bra-dli^ms 
goes high up the rivers of North America. (Baird. Bej?. on Fisheries, 
1872.) 

Mollmoa. 

No marine mollusca living in fresh water, besides those named in 
the text, are known to me ; perhaps, however, Te7'edo senegalensis 
(Blainv.) may be added. Aucapitaine's statement, that Cyprcea mofieta 
is found in the waters of the interior of Sudan and caught by the 
natives with calf's hides, has been disputed, but Aucapitaine repeatedly 
maintained the truth of his assertion. It does not appear, however, to 
have been confirmed by later travellers. 

Ve?'tcb7'ata. 

Many migratory marine fishes might be added to the list given in 
the text ; for instance, the species of Shad, many Pleuronectes and 
allied forms — a flounder occurs as high up as Metz and Treves (Trier) 
according to Leuthner. Cat-fish and the well-known Manatus live 
in the rivers of S. America (the Indian sea-cow —Halicore — the nearest 
ally of the Manatus— is found only in the sea) with numerous other 
fishes whose nearest congeners are typically marine, such as a species 
of Biodon. In the eastern hemisphere several species of the gcinus 
HemirJiamphus live in fresh water which are only specifically distinct 
from their marine allies. 

Note ^^^ page 151. According to Bernard's researches on the frog 
and Plateau's on Crustacea, we might almost be tempted to suppose 
that in all animals that migrate from the sea to rivers, and vice versd, 
the different degree of saltness between their tissues and the surround- 
ing water would be rapidly equalised by the osmotic action of the skin. 
In many creatures, as, e.g., the Stickleback, this is no doubt the case — 
though no conclusive experiments have been made even on this fish ; 
in others, as the Crocodile, it may be doubted whether even in indi- 
viduals actually living in the sea the flesh would be salt. No exact 
investigations exist. From the easily observed fact that a fresh- water 
stickleback when suddenly transferred to salt water cannot at fiist 
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swim at the bottom of the aquariam, on accoant of its relative lightness, 
and that, by degrees, it acquires the power of doing so, it has been 
inferred that this acquired power is dependent on the impregnation of 
its tissues by the salt water. This, however, has not been proved, and 
there is another way by which the fish may be able to alter its specific 
gravity— by the reabsorption of the air contained in its air-bladder 
and constantly renewed in it. In highly aerated fresh water so much 
air is dejxjsited in this air-bladder and in the vessels generally, that the 
fish is rendered lighter than the water, and cannot go to the bottom 
even in fresh water. In my aquaria I have seen Sticklebacks, Bleak, 
and Axolotl perish from the superabundance of air in their tissues in 
consequence of the constant addition of highly aerated water. On the 
other hand, a diminution of the air contained in the air-bladder might, 
of course, easily occur, and thus the specific gravity of the animal would 
be raised while the whole volume of its body remained the same. 

Note 60, pa^e 154. As Beudant's small work is not easily accessible, 
I shall present the reader with an epitome of his tables on the next 
page. 

It must, however, be observed that in this inquiry no regard is paid 
to temperature. Now, since, under variations of temperature, the 
respiratory requirements of the cold-blooded animals are extremely 
different, we may be allowed to assume that a due regard to this circum- 
stance would have led to somewhat different results from the same 
experiments. 

Nate 61, page 154. At four miles east of Kiel there is a fossil oyster- 
bed. * Thousands of years after the oyster-bed of Watemeversdorf had 
become dry land, oysters lived in such numbers on the coasts of the 
Danish islands that they were used for food by man of the ** stone age " 
in this region.* Mobius is inclined to attribute the failure of the oyster 
in the Baltic to its low degree of saltness, combined with the long 
duration of a low winter temperature, and the absence of any regular 
movement of the sea by the tide ; he assigns the same reasons for the 
absence of the lobster, the large crab, Platycai'dnns pagtirufy and the 
edible sea-urchin, Ecliinvs esculentiis. 

Nate 62fpage 155. Prof. Verrill, of Yale Coll., U.S., one of the most 
accurate students of the American Crustacea, in a conversation I had 
with him on this subject, disputed the accuracy of this estimate of 
Schmankewitsch. He said : * The only characters which can be relied 
upon for distinguishing the genera Branchipus and Artemia are the 
male prehensile organs, and these have been entirely overlooked by 
Schmankewitsch.* I have neither time nor materials at my disposal for 
a close investigation of this point, and I will only observe that in his 
latest work he does take the prehensile antennae of the male into con- 
sideration. 
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Note ^^tpaye 159. It is quite evident that, in point of fact, a modifi- 
cation of the animal does not always result from a change from fresh to 
salt water, and vice vers&y since migratory fishes exhibit no effects from 
the change of medium. Here it might, no doubt, be said that these 
changes have not time to take effect, being too rapid. But there are 
animals which occur simultaneously in fresh, brackish, and salt water, 
and yet exhibit no differences, while other species display widely diver- 
gent formS according to their habitat. To the former belong CrocodUut 
blporcatv^f Vmmna literata yOxid. others; UithQldAXQT NerUina Mortanianaf 
which in the sea is smooth, but which in brackish or fresh water often 
developes spines, the distinguishing mark of the sub-genus Clitan, which 
is characteristic of fresh-water streams. 

JVbte 64, page 169. The remark that only small animals occur in a 
small area is an old one, but not altogether accurate. The saying is 
familiar that the largest mammals occur only on continents. Even man 
is to a certain extent subject to this law. Seafaring men, who pass the 
greatest part of their lives, from their youth up, confined in an extremely 
narrow space, are generally small, often below the middle height ; but 
it may, at any rate, be questioned whether their small stature is a result 
of this mode of life, or not rather of the nutrition, the lack of air, hard 
labour, &c. In other cases, as those of land moUusca, insects, land- 
vertebrata, and others, of which the same observations have been made, 
it seems scarcely credible that their small size should be attributable to 
the direct influence of a narrow area and to nothing else. Thus, for 
instance, the fact that only small land-animals occur on small islands 
of recent origin is easily explicable ; for as each of these has received 
its fauna from beyond seas, the smallest animals have most easily reached 
them, being the most easily transportable, while many large species 
must be wholly excluded. All investigations on this question of the 
influence of area ought at any rate to begin with fresh-water animals, 
since in these the combined causes exhibit the least diversity. 

Nfte 65,^w^e 163. The fact is not new. Mr. Jabez Hogg observed 
it long ago, but he arrived at no general results from experiments, and 
even his incidental observations are not particularly satisfactoiily set 
before us. (See Journal of the Microscopical Society, vol. ii. 1854, 
* Transact ions,' p. 9 1 .) Blanchard 's observations are neither useful nor of 
general interest. 

Note 66, page 166. In order riot to occupy too much space in my 
text, I have forborne from mentioning many details of my experiments ; 
but a full report of them will be found in my treatise, Ueher die Wachst- 
thumsbedingungen der Lymnceus gtagnalis (in Arb. aiis dent Zool.'Zont, 
Inst.y Wiirzburg, 1874, vol. L). So far as I can detect, every objection is 
met by the facts there detailed ; some even are fully discussed, particn- 
larly one not mentioned above — that the relative proportion of the 
surface of the water to its volume may affect the growth, because the 
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amount of air absorbed depends upon it. This objection is positively 
refuted by experiment, and I have given the figures, which prove that it 
is quite immaterial whether the surface of the water exposed to the air 
is large or small ; and in the same way the variety of forms and sizes in 
the vessels employed in the experiments sets aside the idea that the 
lateral pressure could have any appreciable effect. 

Note 67, j^o^e 167. This seems to have been the case with the 
Asellus reared by me in an hermetically closed aquarium (see p. 160). 

Note 6S,paffe 167. In view of the obscurity which prevails on this 
point, I think it advisable to appeal to a physiologist of acknowledged 
repute. Paul Bert says in his Logons sur la Phydologie comparke de la 
Mespiration, word for word, as follows : * La question de savoir k quel 
organe il convient d'attribuer ... la fonction respiratoire est souvent 
d^battue avec unc insistance pour le moins inutile. Toute membrane 
animale 6tant susceptible de dissoudre I'oxyg^ne et, par suite, de se 
laisser traverser par lui, il est Evident que la surface ext6rieure du corps 
est, tout entifere, une surface respiratoire, et que toute surface interieure, 
comme le tube digestif, pent et doit etre elle-meme, si le milieu oxygene 
s'y introduit, une surface respiratoire.' (* The question to which organ 
we should attribute the function of respiration is often discussed with a 
persistency which, to say the least, is useless. Every animal membrane 
is capable of dissolving oxygen, consequently of being penetrated by it ; 
so it is evident that the whole external surface of the body is a respira- 
tory surface, and that any internal surface, as, for instance, the digestive 
canal, can and must also be a respiratory surface, if the oxygenated 
medium can but reach it.') We naturally designate as an* organ of 
respiration ' in the stricter sense, one which by its laminated or foliated 
structure and highly developed vascular tissue appears to be specially 
qualified for the function of respiration. 

Note 69fpaffe 167. All animals living in water are not characterised by 
a soft skin^^for instance, crocodiles, turtles, many snakes, the whale, 
many insects, &c. In all these respiration is effected by vessels fitted 
for the passage of air, by lungs in the vertebrata, and by tracheae in 
insects. But among these last, when gills do occur, as is the case with 
many larvae, the membrane which covers them is extremely thin, and 
easily penetrable by the air. 

Ntfte 10, page 171. These mantle-gills of Lticina philippinenm have 
not been hitherto described, and are figured for the first time in the 
text. They are large tufts which form two pairs situated on the sur- 
face of a membrane which begins at the anterior adductor and traverses 
the pallial cavity, and which has in its posterior part a narrow slit for 
the passage of the very long and slender foot. These tufts of mantle 
gills are during life very large ; they contain, internally, an extremely 
developed vascular network ; the vessels unite at the root of the gills to 
form a large trunk, which passes, without becoming confounded with 
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the g^U- veins, directiy into the ventricle of the heart. The other 
species of this genus are not endowed with these mantle-gills. 

^vte 71, 2^a^e 171. Besides the two modes of respiration proved 
by experiment to exist in water-animals (by the outer skin or by the in- 
testine), yet a third mode of respiration seems sometimes to occur. In 
all mollusca, beyond a doubt, a certain amount of water is taken up into 
the body and actually into the blood ; this certainly serves to dilate 
the tissues — e.g» in the foot— but it is probably useful also for respira- 
tion. But this is at present merely an assumption, founded on no exact 
experiments. The ways in which water, whether fresh or salt, is said 
to penetrate to the blood are twofold. Many authors assert that it 
takes place through the pores and the margin of the mantle; others 
say that it must first pass through the renal organs, which are never 
absent from mollusca. After carefully weighing all the treatises on 
the subject, even the most recent labours of Griesbach, I must declare 
that neither the one nor the other is absolutely proved ; the second 
hypothesis, however, seems to me, judging too from my own investiga- 
tions, to be the more probable. Both perhaps may be correct, but here, 
as in all physiological questions, experiment can alone supply the 
answer. 

Note 72, paffe 172. Comparing an eel with a gudgeon of equal 
weight, the cylindrical form of the eel giving it a much greater extent 
of surface, the gudgeon consumes in the same time — three hours — on an 
average 13-8, and the eel only 7-4 of oxygen (see Bert, Leqon* ^ir la 
Phydologie compa/rie de la Itesjfiration, 1870). His critical observations 
on the popular, but erroneous, hypothesis that fishes which are tenacious 
of life, as the eel, can live for a long time on land because their gills 
are kept free by means of the water contained in the gill-sac, are well 
worthy of attention. 

Mfie 73, pa^e 172. Many important observations have been made 
as to the interesting phenomenon of intestinal respiration in Cobitii 
fossilis. This fish swallows the air, taking it in through its mouth, and 
it is deprived of a portion of its oxygen in the intestine. Many other 
fishes, however, do the same, as species of Cyprinus (see Note 76 
below). Jobert has recently shown that various Brazilian fishes breathe 
in the same way as the Cobitis, and even have in the intestine certain 
processes or folds of the mucous membrane which seem especially 
adapted to that end ; these are species of the genera QUiohthyt 
(Siluridse), Diyi'osj and Hypostomus. We might almost venture to ask 
whether the Cyprinidce of European waters, when they take in air 
through the mouth, do not send only a portion of it through the gills 
and truly swallow the remainder, so as to keep the mucous membrane 
of the intestine directly supplied with oxygen. If we prevent the 
species of Leuciscui from coming to the surface of an aquarium by 
I lacing a wire net just below the surface of the water, so that they 
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cannot gulp the air, they soon die, even when an ample supply of highly 
aerated water is constantly added ; frogs, on the contrary, it is almost 
impossible to kill in this way. This, however, depends to a great extent 
on the temperature. The lower the temperature the greater is the 
tish's power of resistance. 

Ncfte 74, page 173. Bert's experiments were extremely interesting. 
He proved that at a temperature varying between 0° and 13° C. the 
oxygen held in the water sufficed frogs for a considerable time, for 
they need but little. At 19° C. (water temperature) a frog died in 36 
hours when enclosed in a bladder which contained almost five litres (less 
than five quarts) of water ; the frog had a))Sorbed all the oxygen con- 
tained in the water, as was proved by analysis. This shows that at 
19° C. the requirements of the frog are very high. The Axolotl 
(^Siredon mexieanus) can endure not merely the excision of the gills 
but even the complete removal of its lungs, so that in this animal, as in 
the frog, respiration by lungs and giUs can be perfectly replaced by 
respiration through the skin. I will also observe, incidentally, that it 
does not appear to me to be clearly proved that those Amphibia which 
are provided with both lungs and branchiae — as Siredon, MenobraneJivs, 
Menop<ytna, &c. — do actually breathe through their lungs ; Le, that the 
air they gulp in through their mouth is distributed to the lungs. The 
anatomical structure of the glottis does not seem to me particularly to 
support this assumption. May not their lungs correspond physiologi- 
cally rather to the air-bladders of fishes ? (See Note 75.) 

Note 75, j!?fl^d 173. Since the publication in 1857 of Milne- 
Edwards's great work, which treats of the processes and organs of 
respiration in animals, some newer and not unimportant works have 
appeared. Emery suggests the question whet her Amphibia may not store 
up oxygen in their lungs, as it has been demonstrated that fishes do in 
their air-bladders. Grehant shows that a fish absorbs the oxygen normally 
existing in its air-bladder when it is kept in water of the temperature 
of the air. Moreau asserts that the amount of oxygen contained in the 
air-bladder increases with an increase of the action of the air-bladder ; a 
tench, in which he tied up the air-passage leading to the air-bladder, at 
the end of a fortnight had in it more than the normal proportion of 
oxygen. Dividing the sympathetic nerve causes the amount of oxygen 
deposited in the air-bladder to augment continually. Puncturing the 
air-bladder occasions at first an increased deposition of oxygen. The 
researches of Gouriet confirm these statements of Moreau ; they were, 
however, instituted rather with the object of detecting the value of the 
air-bladder as determining the swimming motions of the fish. In a 
few cases the air-bladder of fishes seems actually to exercise the 
function of lungs. Mr. Burt G. Wilder {Proo, Amer, Ass. Adv, Sc. 
1875) showed that it is very probable that the spongy air-bladder of 
Amia calva and of Lepidostetis ossevs acts as true lungs, and he has 
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recently published a further treatise on the same subject. Jobcrt has 
lately shown that the spongy air-bladders of Sudis ffiffa^^ 3rythinui 
treniatti'8, and U, broHliensis, actually take up air ; and the distribution 
of the vessels in these fishes as well as in Amia and Zepidogt&us is 
such as we generally find in true lungs. In these instances, according 
to Jobert's experiments, tying up the air-passage by which the gullet 
communicates with the air-bladder, and by which apparently the air is 
introduced, was speedily followed by death. 

Note l^fpage 173. Besides the Rotatoria, Tardigrada, the Anguil- 
lulidse in mosses and a few little-studied "Worms, the following Crusta- 
ceans have hitherto become known, of which the ova can endure 
desiccation without suffering the smallest injury : Apus, Branchipus, 
Artemia, Cypris, Cypridina, Daphnia, Linmadia, Estheria, and many 
Copepoda. How long the eggs may generally lie dry without perish- 
ing is at present unknown. To the data given in the text I may here 
add the following which I owe to the kindness of Professor von Siebold 
of Munich. Mud containing Artemia, collected in 1872 by Professor 
Zittel in the oasis of Dahel (or Dahleh ?), produced several broods in 
the beginning of May 1877, but none in the previous years. Mud out 
of a ditch at Ingolstadt, collected in 1871, produced a quantity of 
E^stheHa in the winter of 1876. Mud containing Branchipiis produced 
a Nauplius in 1877 after lying dry for ten years. The ova of Lepidurui 
prodnHvs, singularly enough, cannot endure desiccation. 

Mtte 77, page 175. Brauer has studied this subject. Eggs of 
Braneldjms (Chirocepkalv^) diaphatms developed after a long time, four 
to seven months, even without having been kept dry ; and those of the 
marine species of Artemia also dispense with drying. But for other 
species of Branchipvs and for many species of Apits, according to 
Brauer, desiccation is an indispensable condition for the development of 
the egg. 

Note l%,page 175. The geographical distribution of the species of 
Ap^is and Branchipus^ for instance, offers many singularities. The QggB 
are minute and can certainly be easily transported by a high wind to a 
great distance, and even more easily by migratory birds, such as ducks, 
snipe, &c. We should therefore suppose that both these genera would 
have a wide geographical distribution like Cypris and Baphnia, of 
which I found several species in tropical countries extremely like those 
oi the European continent, though perhaps specifically distinct. But 
so far as I have sought for Apus and Branchipus in fresh water I have 
found none either in the Philippines or in the Pelew Islands in the 
Pacific. Godefroy*s catalogue mentions no species of these genera as 
coming from the tropical islands of Polynesia, and I find none mentioned 
as belonging to South America, Central America, or India. This may 
perhaps be attributed to the fact that circumstances have not been 
favourable to travellers ; it is well known that we may often seek in 
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vaiD, for years, for Apus in spots where it had previously been found in 
swarms. The best method of filling up this gap in our knowledge will 
be the transmission of mud, with exaot information as to the place 
where it was collected, to scientific experts, as to Professor Von Siebold 
at Munich or Professor Brauer at Vienna ; and by this means the amount 
of material in the form of animals for investigation will also be in- 
creased in a considerable and very desirable degree. 



CHAPTER VI. 

Note 79, page 178. It was Leydig, the founder of all truly scientific 
— that is to say comparative — histology, who first pointed out that 
excessively fine ramifications from the tracheae traverse every portion 
of the body of insects and lie between all their constituent parts. He 
showed that even in the eye, in the ganglia of the brain, and in many 
glands, &c., tracheae are to be found between the cells of the organs, 
that they constantly lie quite close to them and not unfrequently end 
in a peculiar manner. Thus Leydig first discovered the vesicular ends 
of the tracheae among the constituent parts of the dioptric apparatus 
of the fly, in the crystalline spheres. Even the cells of the fatty tissue 
— on the presence of which the survival of many insect-larvae through 
the winter seems to depend — are in direct connection with the tips of 
the tracheae. 

Note 80, page 1 79. From what is stated in the text it might seem 
to follow that the distinction between arterial and venous blood can- 
not exist in Insects, which breathe by tracheae, since by that mode of 
respiration the air is distributed to every part, and consequently the 
afferent and efferent vessels may contain blood which in each is equally 
rich in oxygen. It must not, however, be forgotten that even in Mam- 
malia the difference between the two kinds of blood — the highly oxy- 
genated arterial blood and the poorly oxygenated venous blood— is 
essentially occasioned solely by the absolute, or relative, localisation 
of the function of respiration in organs especiJally fitted for it — the 
gills and lungs. Thus, if in insects also there should be organs whose 
sole task it was to extract more oxygen from the tracheae than other 
1 arts could, or — when the respiration is effected by water— could 
(k'|)OFit it more abundantly in the tracheae at one place than another, 
such arrangements would certainly contribute to make the blood richer 
in oxygenated particles in such spots than elsewhere; and hence, if we 
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could prove such a difference in the degree of oxygenation of the blood 
in different portions of the insect, we must speak physiologically of 
arteries and veins. Now this, it would seem, is sometimes the case, as 
in the external breathing organs of many insect-larvae living in the 
water, or in the very curious conical structures at the termination of 
the intestine of flics, which, on account of their extraordinary develop- 
ment of tracheae, there is now a very general disposition to regard as in- 
testinal branchiae. In Ihis last instance certainly it is not very clear 
how they are to act as organs of respiration, since it is certain that 
flies do not carry oxygenated water in the end of the intestine, and no 
observations as to the inhalation of air through it have been made to 
my knowledge. However, a small difference in the oxygenation of the 
fluids must, no doubt, exist in different portions of the body even in 
insects. 

Ncfte SI, page 181. 1 will here briefly describe an observation acci- 
dentally made, but frequently repeated, which suggests the idea that 
some animals, and especially Infusoria, may possibly be capable of 
absorbing (and even assimilating ?) carbonic acid. In infusions pre- 
pared with the water procurable at Wiirzburg, which contains a great 
deal of lime, an excessively thin film is rapidly formed of carbonate of 
lime, beneath which various Infusoria crowd in masses. If the water 
is slightly shaken, the fragments of this film roll up into little cylinders, 
thus enclosing a minute quantity of air, as may be seen by examination 
with a microscope ; since these can be obtained only from the surface of 
the water, they must certainly be rich in carbonic acid. If now we trans- 
fer these little tubes containing air with some infusoria to a moist 
chamber, we see th-^t they are not unfrequently consumed by the infu- 
soria, and if we then watch for some length of time one of the specimens 
which has just fed, we shall soon detect that the air in the lime-tubes 
disappears, and finally the tubes and the air contained in them are com- 
pletely absorbed. I have frequently repeated this observation, and 
have particularly noted whether or no the air might not escape in the 
form of minute bubbles from the oral opening or be removed in the 
pellets of food ; but this was never the case, and I can most positively 
assert that all the air was perfectly absorbed. Of course this is not 
hereby proved ; still, though I was not able to carry the observation 
any further, I regard it as sufficiently interesting to be recorded here. 
Bert says very decidedly in one of his papers read at the Sorbonne, * On 
the Influence of Light oil Living Beings : * * On the other hand, infusoria 
containing green matter decompose carbonic acid in the same way as 
vegetable cells.' On what ground of exact experiment this bold asser- 
tion is made I do not know. 

Mte 82, page 181. Only an incidental reference is made in the text 
to those other gaseous constituents of the atmosphere which, like car- 
bonio add, are endurable in small proportions, but extremely injurious 
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in large ones. To these belong all the effluvia of decaying matter, snl- 
phnietted hydrogen, &c. But besides the fact that many insects actually 
depend on such effluvia for their existence, and many larvae of insects, 
though air-breathers, live in putrefying matters, we must conclude that 
such gases are not universally injurious to all animals alike. Even 
among the vertebrata the difference in this respect is considerable. I 
once kept, in Manila, a large sea-snake at least two feet long, in a glass 
vessel hermetically closed, and three parts full of water ; the water in a 
few days became putrid, but the snake lived for twenty-one da) s in the 
pestilential atmosphere of the vessel containing it. It is even a question 
whether then death ensued from the direct evil effects of the mephitic 
vapour, or not merely from the lack of oxygen after the absorption of 
the small portion contained in the creature's lungs, and in the air enclosed 
in the glass. 

The reader can also compare the observations of P. Bert, Physiologie 
compar^e de la Respiratian, with those of Milne-Edwards, Zegons d^Ana- 
tomie et de Physiologie compa/rSe, 

Note S3 f page 184. The view is sometimes put forward that certain 
stripes running parallel to the mouth of univalve shells — of the Helicidae, 
for instance — afford an indication as to the age of the animal, each stripe 
being supposed to correspond to a year's growth (like the annual rings 
in a tree). This may perhaps —but only perhaps — be true with regard 
to our northern forms ; but even among the land-snails of the Mediter- 
ranean, it ceases to have any application. I myself saw that in Spain 
and the Balearic Islands, after a summer's rest of about two months, or 
even more, almost all the species began to couple, to lay eggs, and to 
grow again as soon as the autunm nUns fell in September. Now, as the 
eggs of land-snails develope very rapidly, and never remain, like those 
of many insects, undeveloped through the winter, the young must be 
hatched out in the autumn ; their growth is probably interrupted during 
the winter, as is, in fact, not unfrequently indicated by the presence of 
a stripe. They begin growing again in the spring, and apparently 
deposit their first eggs before the summer drought comes on ; after their 
summer rest they lay eggs a second time, but nevertheless continue to 
grow, and thus form a second line of growth. This, at least, would 
seem to be the inference from the fact that in the autumn, along with 
the fully grown specimens, small ones are to be found with only one 
stripe, and which seem to have been hatched out in the spring. So far 
as I know, no attention has hitherto been paid to this circumstance. 

Nate 84, page 186. Planarian worms are worms of low type and 
simple structure, for the most part flat, living chiefly in the water; in 
the sea they often attain a considerable size, and exhibit the most bril- 
liant hues. The first discovery of a land Planarian was made by the 
well-known Danish zoologist, O. F. Miiller, but his remarks on Planaria 
terrestrU excited little attention till Darwin published his observations 
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on the land Planarians of South America. Since then these animals 
have been examined anatomically, particularly by Schultze, Metschnikoff, 
and Moseley, and we are acquainted with a great number of such forms 
through the efforts of travelling naturalists (Schmarda, Moseley, F. 
Miiller, and others). It may be stated that they are generally tropical 
animals, though three species have already been discovered in Europe ; 
here they live only in damp soil, under stones, while in tropical regions 
they take long walks in the early morning, on trees, rocks, and houses. 
I found most of those that I collected in the Philippine and Pelew 
Islands — about 12 or 14 species — in such situations, and among them 
a few of really colossal size. Of the genus Bipalium, represented in 
fig. 53, 1 have one species which attains the enormous length of four 
inches. A complete list of all the land Planarians hitherto described 
is to be found in H. Moseley's * Notes on the Structure of several Forms 
of Land Planarians, with a Description of Two New Genera, &c.' 
( Qiiart. Journ. Mic. Sci., new ser., vol. xvii.). 

Note 86, page 187. Nemertidae are. also for the most part water 
worms, moving in the water by means of the microscopic cilia on their 
skin. They are systematically allied to the Planarians, but distinguished 
from them externally by their perfectly circular, elongated form, and 
particularly by a proboscis opening at the fore end, which is wanting in 
the Planarians. 

Note S6,page 188. This Balearic species seems to be Talitrus platg- 
chcles, Gutrin. I have seen species of true Orchcstia, both in the Pelew 
Islands and in the Philippines, where they live far from water, xmder 
stones and brushwood, in damp woods. 

Note 87, page 188. The arboreal Neritinae usually live in mangrove 
swamps, high up on trees. I never saw them in the water, bat they 
deposit their eggs on the surface of water, so that they are, at any rate 
occasionally, touched or covered by brackish water. I found the follow- 
ing species in the Philippines : Neritina dubia, commtinis, cornea^ stibsiil- 
catOj zio-zac, Cumingiana, plumhca, and a few new and undescribed 
species. 

Note SS,page 189. Giinther divides these fishes into the following 
families : Luciocephalidae, Labyrinthici, and Ophiocephalidae. Of these 
the first two have both the secondary cavities of the branchial cavities 
furnished with convoluted labyrinthine folds ; the species of the third 
family have only simple secondary cavities with feebly developed folds, 
or none. The species of Saccohranchus, allied to the Shad, and Amphi- 
pnous cuchia, an eel-like form, allied to the Symbranchidae, have also 
a subsidiary sac to the branchial cavity, but without any folds. 

Note 89, page 190. The observations of Sir Francis Day are to be 
found in the i^w. Zool. Soo., London, 1868, Part II. p. 274. 

Note 90, page 192. I have, in the Philippines, frequently had the 
opportunity of obaerving these creatures alive,, and I can assert decidedly 
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— what, to my knowledge, other travellers had already described — that 
the Ampullariae breathe not merely with both gills and lungs, but that 
they do so in regular alternation; for a certain time they inhale the air 
at the surface of the water, forming a hollow elongated tube by incurv- 
ing the margin of the mantle, so that the hollow surface is enclosed 
against the water, and open only at the top. When they have thus 
sacked in a sufficient quantity of air, they reverse the margin of the 
mantle, opening the tube into which the water streams. The changes are 
tolerably frequent, once or twice in a few minutes, depending, pro- 
bably, on the temperature. No physiological explanation of these 
rhythmic alternations can, however, be at present assigned. 

Note 91, pa/je 192. Fritz Miiller, the well-known naturalist in 
Brazil, in his admirable essay, Facts and Arguments for Darwin, has 
given us a quantity of observations on the mode and way in which 
crabs breathe air. The modes by which this is accomplished are very 
various ; and even the structural relations implicated in the process, 
which are sometimes extremely peculiar, irresistibly prove that the 
different air-breathing Crustaceans no more constitute a natural family 
than do the Labyrinthici among fishes. 

Note 92, page 193. In a few works, distihguished for their dogmatic 
sty?e, and intended for the use of students in medicine, it is stated that 
these land-crabs, and above all Birgu^ latro, breathe no air, but only 
water, and that the branchiae are exclusively the organs of respiration. 
I cannot understand how so incorrect a statement can have become so 
common, for the authors of these works cannot adduce a single experi- 
ment which proves that in fact the introduction of oxygen into the 
blood takes place exclusively by means of water, and through the 
branchiae. Since absolutely no physiological experiments exist on this 
subject, this erroneous view can only rest on an interpretation — which 
is acknowledged to be insufficient — of the morphological features. So 
far as here regards JBi7'gtis latrot I ha^e shown in the text, and in the 
cut on page 5, that the views hitherto entertained as to the structure of 
the branchial lungs of this animal are altogether false, and that every 
morphological attribute is to be found in them which we should expect 
to find in a true lung. 

Note 93, page 195. I have before alluded to the injury that may 
sometimes result from a superabundance of air in water, by which so 
large a supply may be taken in by a fish (a stickleback or an Axolotl) 
that it may become lighter than the water and so unable to find its 
food at the bottom. 

Note 94, page 198. Dr. August Pauly. With regard to the lasi 
point alluded to in the text I must be allowed to make a few notes. 
Pauly says that Lymnaeae, when they are kept under water and 
have no opportunity of inhaling air-bubbles into their lungs, keep the 
lungs closed. A mollusc, having its lungs filled with air, will absorb 
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the oxygen contained in that air if it is kept under water, and instead 
of it carbonic acid will be deposited in the lungs. This gas, being 
positively injurious to the creature, must presently be expelled, and 
consequently the lungs must soon become empty and so collapse, or 
they must be replenished with air or water. In Pauly's experiments 
the former was the case ; he expressly says the lung-cavity was empty, 
* as could be seen by its shrunken aspect from outside.' But he con- 
ducted the experiment in a somewhat energetic fashion. He forced 
the animal to expel all the air from its lung-cavity under water. Now, 
he himself says that the expulsion of the air in consequence of irrita- 
tion may sometimes even occasion the death of the animal ; hence the 
question is allowable whether the persistent closing of the lung may 
not have been a diseased result of the irritation in itself so unendurable. 
The experiment must be repeated in some way differing from Pauly's 
before it can be regarded as perfectly conclusive evidence of the infer- 
ences given above in the text. 



CHAPTER VII. 

Kate^^f page 203. Some moUusca, as Patella and Navicella, are Im- 
moveably attached to the rock for the whole period of their existence ; 
they never quit one spot, and not unfrequently make a more or less con- 
spicuous impression in the stone. How ? This is not known. 

When they are not disturbed, they usually lift the fore-part of the 
shell just so much as is requisite to admit a fresh supply of water to the 
branchial cavity, and of food to the mouth. If they are touched they 
shrink back, and the shell adheres so closely to the stone that it is im- 
possible to loosen it from its hold without injuring it. I have often 
endeavoured to loosen a Navicella hardly an inch in length from its 
situation on a stone in a swift mountain torrent, by lateral pressure on 
the shell, not by insinuating a knife under it ; but I most rarely sue • 
ceeded — never, indeed, unless I took the creature by surprise ; if it were 
in any way on the alert, I could not do it but by application of the 
knife, and a consequent injury to the shell. The case is the same 
with Patella (limpet), and many other moUusca; even the creeping 
kinds, as Chiton, can adhere uncommonly tightly by suction, and in 
every case the foot is the organ employed. 

Note 96, page 205. A few deep-water Siphonophora have lately been 
described by Studei. Two species were dredged up from a depth of 
from 800 to 1,000 fathoms, belonging to the genus Rhizopkysa, which. 
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like nuuiy others, has an air-bladder at the upper end of the sac. The 
air-bladder has an opening at the top by means of which, when the 
creatures are kept in small vessels, the air easily escapes. I am asto- 
nished to find that Studer does not seem to have particularly remarked 
this feature — and yet it seemed to offer so obvious a parallel with the 
fishes living at great depths, and provided with air-bladders 1 In these, 
as has long been known, the air contained in the bladders is exposed to 
very considerable pressure ; if this is suddenly removed by the fish being 
rapidly brought to the surface, the air, previously compressed, expands 
and distends the belly ; a prick allows the air to escape, the air-bladder 
collapses, and the fish, restored to its natural size, can swim again. It is 
evident that the air in the deep-sea Khizophysae must also be much 
compressed, but in them the perforation already exists by which it can 
escape when the animal is raised to the surface, and the expanding air 
threatens to burst the bladder. Studer says nothing about this very 
conspicuous expansion of the bladder, and we may therefore suppose that 
the Khizophysae had parted with the chief portion of their air before 
reaching the surface. This filUngand emptying of the air-bladder, which 
must undoubtedly exist in the Rhizophysae to enable them t(J rise or sink, 
recalls the hydrostatic vacuoles of the Arcellidae. 

Note 97, ya^e 206. Lymnaea and Planorbis are frequently to be seen 
with the sole — so to speak — of the foot spread out on the upper surface 
of the water, and thus swimming in an inverted position ; but this 
swimming is more accurately described as creeping on the under surface 
of the air, the plane of contact of the air and water. At first we are 
inclined to imagine that the adhesion of the foot to this surface is strong 
enough to bear the whole weight of the animal and its shell. This, how- 
ever, is not the case ; for if the snail is induced to retract its foot so 
slowly that no air-bubbles are expelled from the branchial orifice during 
the process, the animal turns over in the water, but it remains floating 
at the surface, so that at that moment its specific gravity must be less 
than that of water. 

Note 98, poffe 207. It may, perhaps, surprise many readers to hear of* 
the fins of birds. But most water-birds do in fact use their wing-s for 
swimming in the water quite as well as for flying in the air. The wings 
of ducks, divers, cormorants, &c., are not the less true wings. In the 
penguins, however, the same limbs, morphologically speaking, have 
become true fins, which the creature can use in the water, but can no 
longer use in the air as wings. In them, although the portions of the 
skeleton still correspond in all essentials with these of a true wing, 
there is absolutely no external resemblance to the true wings of other 
birds. Anyone may convince himself of this in a zoological collection. 

Note ^tpage 209. This assertion is founded on a careful anatomical 

investigation of a good many different species — at least six — of the 

• genus Navicella. Naturally there are visible differences between it and 
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Neritiiia, otjierwise the two groups would long since have been united 
in one genus. But the diflferences in their structure, irrespective of the 
form of the shell and the structure and situation of the operculum, are 
so trifling that we are justified in regarding the Navicella as a modified 
form of Neritina. 

Note 100, page 212. It is in accordance with this view that we find 
great variability in the forms of the operculum of Navicella. We know 
that truly rudimentary organs which have lost their principal function 
and have not become serviceable for any other well-defined function are, 
as a rale, remarkably variable. That is the case here. While the oper- 
cula of the most dissimilar Neritinae are of very uniform structure, in 
those of Navicella we find the widest dissimilarity. My own researches — 
which certainly are not yet completed — make it seem probable that the 
deviations from the normal form in a species, even in individuals, may 
sometimes be very considerable. It is, moreover, a very interesting fact 
that even the operculum of the male may differ from that of the female. 

Note 101, jpage 213. The structure and origin of the shells of mol- 
lusca are not, even at the present, thoroughly understood ; for although, 
as to the first point, a vast mass of interesting researches lies before us, no 
one has yet succeeded by purely histological investigation, and a know- 
ledge, however exact, of the minutest structure of the shell itself, in 
establishing any fundamental character as common to all shells. At 
the same time too much attention has been paid to the general relations 
of the shell when fully developed, and not enough to the development 
and bearings of those relations. We know, for instance, that in the fresh- 
water mollusca three distinct and very dissimilar layers are to be found. 
The external layer is a purely organic cuticle ; next comes the prismatic 
layer ; and inside this the nacreous layer. It is admitted that the pris- 
matic layer is often wanting. Now, if we are considering merely the 
details of structure, the correctness of this view cannot be doubted, but 
it would be quite an error to suppose that every shell in which the pris- 
matic layer was wanting therefore consisted of two layers only, the outer 
cuticle and the internal nacreous layer. In point of fact, these shells 
also have three separate layers, and that lying next beneath the organic 
cuticle differs from a true prismatic layer only by its deviation from it 
in the physical process of formation ; the material composing it does 
not form distinct prisms as it is secreted. But the spot whence it 
originates is, on the other hand, an essential character. The organic 
cuticle and the prismatic layer — the external calcareous layer — are se- 
creted only and invariably at the margin of the mantle ; the former fre- 
quently between two lobes, or folds of the margin of the mantle, the 
second from the narrow edge between the margin of the mantle, and a 
line, not always present, which indicates the insertion of the small 
muscle of the mantle. From this line as far as to the top of the shell, 
nothing can be secreted but nacreous material ; the growth in thickness 
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of the shell, therefore, must depend greatly, or exclusively, on the de- 
velopment of the nacreous layer. It is only when the secreting power 
of the surface of the mantle is extremely small, while that of the narrow 
edge which secretes the prismatic layer is unusually strong, that the 
thickness of the shell can be determined by the growth of the prismatie 
layer. In such exceptional cases the margin of the shell is sklways thicker 
than the main part. Any more minute description of these facts seems 
to me to be here out of place, and unfortunately I cannot refer the 
reader to other works, as I have not published anything on the subject, 
nor am I at present likely to do so. 

Nate 102, page 217. -ttraeffe says that he has sometimes found a whole 
family in these galls or cysts. It is not quite clear to me how a family 
of the Crustaceans could find room in a cavity which is hardly twice the 
size of the fully-grown Hapaloearcinui, It is possible that- young larvas 
might be found there before their escape, but this is not clearly expressed 
in the text. 

Nate 103, page 221. This crab, living in Trachyphyllia, a West Indian 
coral, is extremely like C'ryptochirus, and perhaps belongs to the same 
genus ; this can only be determined by future and more exact exami- 
nation. But the * cave dwelling ' of this West Indian crab is perfectly 
unlike that of the Eastern species, which is found from the Red Sea as 
far as the Pacific Ocean ; it is not cylindrical, but has one side quite 
flat, so that its transverse section is almost exactly a half -circle ; the 
under side of the crab rests against the flat side of the cavity. With 
regard to the pouch, I have not yet been able to make any investiga- 
tions. 

Nate lOif page 223. The conditions here described will under some 
circumstances be available for enabling us to form a much more exact 
estimate of the rate at which a block of coral g^ows than has hitherto 
been possible. The data here given, and presently to be worked out 
more fully, are certainly hardly to be regarded as the result of perfectly 
exact investigations ; the only really exact observation — carried out, too, 
in minute detail — is that of Le Conte (in Silliman's Journal^ series 3, 
vol. X., 1875), and he found that a coral plateau in Key West (West 
Indies) exhibited a perfectly regular dependence on the height of the 
water at different seasons, so that it was always possible to ascertain 
with great accuracy the rate of growth of the one species of coral ob- 
served there — a kind of madrepore — which was about 8^ inches in tihe 
year. Now, if the period of growth of a specimen of CrypiocMriu could 
be exactly determined, the rate of growth of the coral to which it 
belonged could also be determined with mathematical accuracy, much 
more exactly than it could be ascertained by direct measurement of the 
coral itself. If we assume — what at present, it is true, cannot, be proved, 
though it is not improbable — that the CryptochirM acquires the first six 
millimHres of its length in the first year, that would give an average 
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rate of growth for the massive Astrseidseof 18 feet in a thousand years, 
whereas Dana sillows at the utmost 5 feet. It is not) however, to be 
supposed that either of these estimates is universally applicable, since 
the different species of corals, like all other animals, have different rates 
of growth, and the rapidity might also vary \mder different circum- 
stances. It would, indeed, be extremely interesting if only the maximum 
rapidity of growth in individual corals — as those of different reefs — 
could be established by observation ; but to do this would be a highly 
complicated and difficult task, since the vigour of growth of the animals 
must depend on a great number of different influences which combine 
to affect it. 

^ote 105y page 229. I have been at great pains in seeking in books 
of travels or descriptions of the different species of corals for data as to 
the various forms which coral-blocks are capable of assuming in diffe- 
rent situations, but the results of my search have been terribly meagre. 
I found, in fact, only the observations made by Ehrenberg to the effect 
that Steplmnocora Hemprichii, Ehren., in the Red Sea, forms branched 
or flattened stocks according to whether it lives in still or in rough 
water (see Ehren. Corals of the Red Sea). This, in my opinion, is 
the inevitable result of the faulty methods of investigation hitherto 
applied to these creatures; naturalists are desirous of distinguishing 
the species, and accordingly they have above everything paid attention 
to the distinctive character— as with insects, shells, &c.— and at the 
time — ^like Dana in his magnificent work on corals, connected with 
Wilkes's expedition — they have bestowed the utmost pains in ascertain- 
ing the limits of variability for individual species, as he has done with 
the greatest care in regard to certain madrepores. Klunzinger's new 
work on the corals of the Red Sea supplies an abundance of material 
of this kind. But up to the present time no systematic observa- 
tions have been carried out bearing on the question which we are 
especially studying— as to how far currents in the sea, variations 
in temperature, or the saline constituents and other physico-chemical 
influences, may affect each species individually. The excuse to be 
offered is evidently this: that the fundamental essence of Darwin's 
theory is only now beginning to exert its influence, and that we are only 
now beginning to recognise the necessity for not merely putting off 
these reacting conditions with an attempt at a hypothetical explanation, 
but for throwing on them the light of carefully conducted research, and, 
wherever it is possible, of actual experiment. Another and a very 
serious hindrance lies in the difficulty of obtaining the living material 
that is indispensable for such investigations; stationary zoologists, 
qualified to conduct Ihem, are not many in the tropics, and travellers 
can never have time enough to make any really valuable observations 
of this kind. We must hope that we may ere long see a few zoological 
stations established in the tropical seas, such as that inaug^urated with 
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80 much energy and talent at Naples by Dohm ; for it is only in such 
institutions — ^whioh supply, as it seems to me, a real want —that it can 
be possible to carry on a series of observations through successive years, 
which is indispensable for clearing up biological questions. Mean- 
while let us be thankful that we have that of Dohm, and a few. others 
recently established, here in Europe. I cannot omit to record my 
satisfaction that Dohm has decided henceforth to publish a special 
journal of his own Transactions, for I am convinced that the Institute 
itself, as well as zoologists at a distance, who desire information about 
it, will find it advantageous. The complaint that it constitutes a new 
scientific journal seems to me ill founded, for such an objection is never 
raised against a new book, and the work begun and continued in such 
an institute appears to me to constitute a whol^ quite as coherent as 
the different chapters of a book, or indeed of many monographs, and 
often of much greater value. 



CHAPTER VIII. 

Note lOQyjfaffe 259. According to Wiechmann the rocks of the Kokeal 
formation contained the following fossils : — 

Tridacna, S trombus, Mactra, Cyprina, Madrepora, Serpula, Lucina, 
Tellina, Venus, Spondylus, Fistulana, Balanus. 

He regards the emptive rocks as of tertiary or po^t -tertiary date. 

Nate 101, page 275. It would be highly advantageous now to criticise 
the Theory of Subsidence not merely in its application to a particular 
instance, as I have done, but in its universal bearings, so as to come to 
some conclusion as to whether my theory of currents, sit venia verba, 
deserves, or does not deserve, general preference. This, however, is not 
the place for such a discussion. I will only observe that I believe that, 
in fact, my theory presents fewer difficulties than the Theory of Subsi- 
dence, and may therefore be regarded as more in accordance with 
nature. On the other hand, I readily concede that sometimes — as, for 
instance, in the Andaman Islands — an atoll may be formed during a 
period of subsidence, and yet it may not be exclusively the result of the 
subsidence. Still, under the assumption that absolutely no influence of 
the nature above indicated could have formed atolls among the Anda- 
mans, this could only have been possible if the subsidence had through- 
out been slower than the growth of the coral. This appears to be 
sometimes the case ; for the Andamans are said to be sinking at the 
rate of a foot in a century, while Le Conte gives the maximum growth 
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of a coral as one foot in three and a half years, and another observation^ 
in Port Darwin, gives one foot in twelve years. On the other hand, how- 
ever, there are other islands which prove that the upward growth of 
corals is certainly never so rapid, and is often remarkably slow. In the 
Sandwich Islands — which, according to Dana, are sinking — all the corals 
live at several fathoms below the level of the water, and the case is the 
same in the Galapagos and the Gulf of Panama. Here, by assuming a 
subsidence, the growth upwards is less rapid than the rate of subsidence, 
and it must be even slower, much slower, if we assume an upheaval as 
going on in these islands. Hence I regard it as quite possible that 
under certain circumstances a subsidence may be combined with the 
formation of atolls, and even that it may once have been the sole 
cause of their formation ; but I cannot admit that subsidence is alone 
sufficient to explain all the conditions and relations of coral-reefs, or 
even of predominant importance. 

The following letter from Mr. Charles Darwin to the author refers 
to the subject under consideration : — 

• October 2, 1879. 

* My dear Professor Semper, — I thank you for your extremely kind 
letter of the 19th and for the proof -sheets. I believe that I understand 
all, excepting one or two sentences where my imperfect knowledge of 
German has interfered. This is my sole excuse for the mistake which 
I made .in the second edition of my Coral- book. Your account of the 
Pelew Islands is a fine addition to our knowledge on coral reefs. I 
have very little to say on the subject : even if I had formerly read your 
account and seen your maps, but had known nothing of the proofs of 
recent elevation, and of your belief that the islands have not since 
subsided, I have no doubt that I should have considered them as formed 
during subsidence. But I should have been much troubled in my mind 
by the sea not being so deep as it usually is round atolls, and by the 
reef on one side sloping so gradually beneath the sea ; for this latter 
fact, as far as my memory serves me, is a very unusual and almost un- 
paralleled case. I always foresaw that a bank at the proper depth 
beneath the surface would give rise to a reef which could not be dis- 
tinguished from an atoll formed during subsidence. I must still adhere 
to my opinion that the atolls and barrier-reefs in the middle of the 
Pacific and Indian Oceans indicate subsidence ; but I fully agree with 
you that such cases as that of the Pelew Islands, if of at all frequent 
occurrence, would make my general conclusions of very little value. 
Future observers must decide between us. It will be a strange fact if 
there has not been subsidence of the bed of the great oceans, and if 
this has not affected the forms of the coral reefs. 

•■ Yours very sincerely, 

' Chakleb Daswis.' 
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CHAPTER IX. 

Nate 10S,page 284. Zoologists and geologists alike are wont to re- 
gard all the land moUusca, or rather their shells, as peculiarly fitted to 
indicate the affinities and relationship of living and extinct fannas. 
Now, I do not dispute that they may sometimes be of the greatest 
utility in this respect, but I must here express my conviction — a convic- 
tion derived from years of study of the animals as well as of their 
shells— that in many cases we have absolutely no right whatever to 
avail ourselves of the shells of land moUusca for such comparisons ; and, 
moreover, that their classification by the shells, which is universally 
adopted by conchologists and geologists, and which they have accepted 
as a natural one, is absolutely and totally worthless and unnatural. Thus 
every argument based on the assumption that the genera and sub- 
genera as at present distributed are natural divisions, indicating the 
true affinity of the species they include, must be purely imaginary, a 
mere castle in the air (such, for example, as Geotrochus, Bulinins, 
MachU, HomoniSj Hajmlus^ Nauina, Lmicochroa, &c., &c. ; comp. Wallace, 
Geog. Dist, Animals^ ii. 512 et seq.). 

Note 109, pa-ge 287. The careful investigations which I pursued for 
years, extending over many hundred species, have brought me more and 
more to the idea that it may be possible to determine the route of migra- 
tion followed by many genera of land moUusca by a diligent examina- 
tion of their natural affinities. This evidently cannot be done by 
an examination of the shells exclusively. These, of course, must not be 
neglected, but their systematic value has hitherto been greatly over- 
estimated, especially by geologists, and without a close familiarity with 
the animals themselves we can but very rarely determine the affinities 
of the species with any certainty. Hence our first task must be to sepa- 
rate those groups of the land mollusca whose shells do, in fact, afford a 
sure indication of their systematic position from those in which the 
shell is quite or almost useless for such a purpose. To what a great 
degree this is often the case is shown by the Philippine genus Cochlo- 
gtylay of which the shells are so excessively variable — in spite of the 
similarity of structure in the animals themselves — that no conchologist 
could possibly describe the genus from the shells. Hitherto we have 
always had a genus under the name of Viti'ina, but species were in- 
cluded ill it which belong not merely to different genera, but even to 
different families ; these are so much alike as to the shells that, 
according to that character alone, it was inevitable that they should 
get classed together. In my work on the land mollusca I have shown 
that almost all the shells of the Philippines known as Vitrina belong to 
the genus Helica/rion and the family Zonitidae, while Vitrina is one of 
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the Limacidae. From mere external resemblance a host of shells from 
India, Persia, &c., have constantly been described as belonging to 
Helicarion which, so far as it has hitherto been possible to inves- 
tigate the creatures anatomically, all belong io the typical genera of 
the neighbouring Indian mainland, to which indeed they often ex- 
hibit but little similarity even in their shells. The Philippine mollusc 
Pfdfferia micans is often placed under Vitrina, and the shell certainly 
has some likeness to that of Vitrina, but the animal is in every par- 
ticular a true Coohlogtyla C^^nd thus a true Helix), and is one of the 
innumerable variations of this variable genus, the structure of the shell 
completely disguising its true character. If these and the other 200 or 
so of species of Cochlostyla could be discovered somewhere in a fossil 
state, geologists would undoubtedly make at least eight distinct 
genera of them. This instance must here suffice to justify the assertion 
I have made. 

Note lid J page 289. Wagner's phrase, which I have somewhat altered 
in the text, runs as follows : * Each closed cycle of forms (a species or 
constant variety) originates in a mechanical process of isolation and 
colony-formation by individual emigrants from a parent-stock capable 
of variation ; the indispensable conditions of the formation of such a 
cycle are variability and inheritance. The sum of morphological cha- 
racters which distinguish it are the result from the sum of differences in 
the external conditions of life on the one part — such as food, climate, 
character of the soil — as supplied by the habitat of the isolated colony, 
when compared with the native province of the old stock, and from the 
sum of phyletic and individual capacity for variation on the other part 
as imported by the colonist itself, and transmitted as morphological 
characters to its progeny and posterity by direct descent. The constancy 
of the new form always depends on a long-continued period of iso- 
lation.* 

Note 111, page 291. I cannot understand in any other sense the vari- 
ous passages in which Wagner distinctly opposes his theory of * isolation ' 
to the 'struggle for existence.' I will here quote only one passage: 
* The AchaMneUcB are harmless vegetable-feeders, content with any 
situation, and their overwhelming multiplication is kept within bounds 
not by the pursuit of enemies, but by epidemics. They have no vital 
struggle to carry on for food, since this is supplied in any quantity by 
the abundant herbage of the soil, nor can we discover that any struggle 
for propagation can take place among them, since each animal is herm- 
aphrodite, and pairs with any other. If here and there one of these snails, 
which generally find sufficient shelter by a rapid retreat into their shell, 
Is by chance devoured by a bird or a predatory beetle, or accidentally 
crushed by a grazing beast, these are purely accidental occurrences, which 
would be far less likely to reduce their numbers than the constant per- 
secution to which the ladybird, for instance, is exposed. Nature has at 
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her disposal an all-snfficient means of reducing the too exuberant mul- 
tiplication of all very fertile species, in epidemic diseases, and no com- 
petition is needed or available here.' Now, it seems to me that this 
sentence can have no other meaning than that I have attributed to it ; 
according to Wagner the * struggle for existence * means nothing else 
than a competition between two animals for a certain possession. But 
is there no struggle for existence when a snail endeavours to escape the 
causes which produce an epidemic 7 Epidemics among land-snails are 
commonly caused by too great moisture or drought ; those that cannot 
escape rapidly enough perish ; those that cannot endure drought are 
destroyed. In an epidemic of rot, or rather of saturation, the old and 
feeble individuals will perish first ; parching heat is least endurable to 
the young animals, as their shell and diaphragm are not thick enough to 
protect them against desiccation. Nay, even a direct struggle is not 
always entirely avoided. In order to escape from drought, many land- 
moll usca creep into cracks and fissures in the recks; the first-comere are 
the best off, for they can creep furthest in. and those that come after 
close up the opening and prevent the escape of the moisture. Thus, 
during the dry season in the countries of the Mediterranean, for 
instance, we find the outer rows of snails almost invariably dead, wliile 
any considerable number of living ones are only found at some depth. 
The conditions are reversed when the rainy season comes on. All the 
rifts and crevices are filled with water ; those lowest down are the first 
to be immersed, and strive to escape the too abundant supply that soaks 
their skin ; but the dead shells remain attached above them, or those still 
living, but not yet aroused by the wet, hinder them from creeping out, the 
water penetrates their pores, and in a few hours they are so * water-logged ' 
and dropsical as to be incapable of any rapid movement. (It is a great 
error to suppose that a snail cannot have too much moisture ; if one 
is- plunged into water and prevented from escaping within twenty-four 
hours, it is so completely sodden as to be quite incapable of crawling.) 
Is not this a struggle for existence ? It seems to me that it is a very 
obstinate struggle for existence when one snail, even after its death, can 
bar the road to life and freedom to one of its eompanions. But many 
of the premisses in • the passage above quoted from Wagner are false or 
quite unfounded. He says that Achatinella is one of the very fecund 
species of which the overwhelming multiplication is more effectually 
hindered by epidemics than by competition or rivalry. 'This is either 
false or devoid of foundation ; Achatinella is oviparous, and produces 
only a few young at a time ; how often in the year is perfectly unknown. 
The assertion that every mature hermaphrodite individual is always ready 
to pair is certainly not proved. It has never been actually disproved 
by observation that many snails die without pairing from antipathy, 
though fully grown and mature, and the extraordinary convolutions and 
gymnastics performed by snails before pairing lead to the conclusion 
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that even in these apathetic organisms liking and dislike play a certain 
part. Whether Achatinella is, in fact, spared all struggle in the matter 
of food, cannot possibly be determined, to judge from the investigations 
of Gulich. The merely hjrpothetical superabundance of food is no proof 
of its real sufficiency ; if, for instance, the space where this abundance 
is supplied is very limited, the animals desirous of feeding vdll get in 
each other's way, and it is possible that this might give rise to some 
quite unknown psychical influence. Many animals, as is well known, eat 
freely only in solitude. This is very certainly not the case with snails, 
but they may nevertheless desire a certain amount of elbow-room, a 
point that has never been observed, or even thought of. But even sup- 
posing that these positions of Wagner's were all proved to the utmost 
extent of their very positive assertions — which is by no means the case 
— still, the struggle of the Achatinella against the causec of the epi- 
demics that decimate them is necessarily a competition, though of course 
not in the same sense as is a duel fought for life or death between two 
individuals. 

2Vbte 112, 2fffffo 202. Notwithstanding that Darwin's works are univer- 
sally accessible, I will here quote the passages to which I particularly 
refer. In the first place, with reference to the external conditions of 
existence, I offer a few extracts : * Neither migration nor isolation in 
themselves can do anything. These principles come into play only 
by bringing organisms into new relations with each other, and in a lesser 
degree with the surrounding physical conditions ' ( Origin of Species). 

* Hence, though it must bs admitted that new conditions of existence 
do sometimes definitely affect organic beings, it may be doubted 
whether well-marked races have often been produced by the direct 
action of changed conditions without the aid of selection either by 
man or nature ' {Animals under Domestication, ch. xxiii.). 

* Such changes are manifestly due not to any one pair, but to all the 
individuals having been subjected to the same conditions, aided, per- 
haps, by the principle of reversion ' (^Descent of Man, i. 236). * Although 
with our present knowledge we cannot account for the strongly marked 
differences in colour between the races of man, either through correla- 
tion with constitutional peculiarities or through the direct action of 
climates, yet we must not quite ignore the latter agency, for there is 
good reason to believe that some inherited effect is thus produced ' 
{Descent of Man, i. 245, and on p. 246 he adduces reasons in support of 
this statement). 

One more quotation : * There can, however, be no doubt that changed 
conditions induce an almost indefinite amount of fluctuating variability 
by which the whole organisation is rendered in some degree plastic ' 
{ibid. i. p. 113). Compare with this what Darwin says as to the direct 
external influences which affect the skull {ibid. p. 147). But it seems 
to me to be proved by numerous passages in Darwin's works that he 
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regards the principle of isolation of new forms and the hindering of in- 
breeding with the parent form as an integral portion of his theory. I 
will here quote the most striking examples. He says (in AnimaU under 
Domestication, oh. xv.) : * The prevention of free crossing and the 
intentional matching of individual animals are the comer-stone of the 
breeder's art. No man in his senses would expect to improve or 
modify a breed in a particular manner or keep an old breed true and 
distinct unless he separated his animals. The killing of inferior 
animals in each generation comes to the same thing as their separation.' 
The struggle for existence combined with other causes produces the 
isolation which is indispensable to the phenomena of a race or species 
by causing the necessary separation from the parent form and by hin- 
dering its crossing with it again. Elsewhere Darwin says : * A country 
having species, genera, and whole families peculiar to it, will be the 
necessary result of its having been isolated for a long period, sufficient 
for many series of species to have been created on the type of pre- 
existing ones.' 

Kate 113, page 293. Giinther on the Tortoises of Mauritius and 
Galapagos, Ann. Mag. Nat. Hist. 1874, vol. xiv. ; Silliman's Journal, 1874, 
ser. 3, vol. viii. p. 403. These tortoises are also interesting from their 
enormous size. Giinther comes to the conclusion that those of the 
Mauritius and those of Galapagos must have originated independently. 

Note llijpage 294. The question whether similar forms can have a 
polyphyletic origin (be derived, that is, from independent parent stocks) 
or no, has gradually become the corner-stone of that extreme and 
dogmatic form of Darwinism which in Germany has been designated 
as Haeckelism.* Haeckel himself, the founder of this creed, allows of no 
doubt that all those characters collectively of a species or of a genus 
which present themselves to us as identical can only and uncondition- 
ally, as being identical, have been derived from a single parent-stock. 
This is known as Monophyletic descent, and according to this view all 
the species of a genus must have descended from one parent species, 
all the genera of a family from one parent genus, and so forth. In 
opposition to this is the view that 2i polyphyletic origin may be possible, 
i.e. that the forms comprehended by us in a genus or a family may 
have descended from more than one parent species or genus. 

The theoretical correctness of the monophyletic hypothesis may 
be conceded unconditionally without any necessity for admitting its 
practical correctness. Fundamentally the only correct view is that 
any definite phenomenon must have had a definite cause, and that 



* Many of Haeckel's works are known to English readers through 
excellent translations, as The Nat. Iligt. of (}reation,2Lnd the lL\:olvticn qf 
,Van (C. Kcgan Paul & Co.). 
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a repetition of the same causes in the realm of or^^anic nature is 
simply impossible ; thus the twofold origination of one and the 
same species from different parent forms brought into existence 
by dissimilar causes is physically inconceivable and hence impos- 
sible. Granted. The error and logically false conclusion involved 
in HaeckeUsm does not lie in this but in the presumption which 
asserts that the forms or individuals which it declares to belong to the 
same species must be identical. This they certainly are not, and 
though zoologists may include them under the concept of a * species ' 
this is done on extremely various grounds that are without exception of 
a subjective character. No one is competent to deliver an objective 
decision as to whether these or those individuals actually constitute 
only one, or two, or more species ; the criteria for such a determi- 
nation are wholly wanting. Moreover, the monophyletic hypothesis 
entirely ignores the fact that in by far the greater number of cases two 
individuals are needed for the propagation of new individuals, and these, 
irrespective of their sexual differences, certainly need not invariably 
belong to the same species ; the possibility of hybridisation, i.e. the 
fertile union of two individuals of different species, is fully established. 
We know, moreover, that hybridisation is a favourite method employed 
by Nature for the origination of new forms — perhaps, indeed, the most 
powerful means at her command. Now, if the hybrid union of a 
species. A, with three others, B, c, d, results in each case in an analogous 
but different deviation from both parents, if this new character, com- 
mon to the three families of hybrid progeny, A b, A c, and A D, justifies 
us, according to tnir subjective views, in establishing a new genus, we 
here have three different species of a second genus derived from the 
three originally different species, B, c, D ; they have originated by a 
polyphyletic process. The Amphioxus is one of the cosmopolitan 
species, but the specimens from different localities exhibit some not 
inconsiderable differences. Now, if new forms were to arise from these 
dissimilar individuals, these might still possibly belong to one and 
the same genus ; still, the Brazilian, the Philippine, the American, and 
the Australian species of this new genus would not have originated 
from a transformation of the descendants of a single pair, as the mono- 
phyletic hypothesis requires. I can make this discussion quite in- 
telligible simply by quoting the following lines from Darwin : *I will 
only remark,' he says, * that if two species of two closely allied genera 
produced a number of new and divergent species, I can believe that 
these new forms might sometimes approach each other so closely that 
they would for convenience* sake be classed in the same genus, and thus 
two genera would converge into one.* Thus Darwin regards it as 
possible that the species of one and the same genus may have 
been derived from species not merely of one but of two different 
genera. All the most careful and recent investigations make it seem 
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probable that the polyphyletic hypothesis is ncaier to the truth than 
that which opposes it. 

Nate 115, pcige 301. These words had long been written when, quite 
lately, a paper came into my hands by Huxley on the affinities of fresh- 
water Crustaceans. According to him, the river Crustaceans of the 
northern hemisphere belong to one family, called by him Potamolnida, 
while those of the south he calls Paragtacidof, He points out that the 
two groups are easily distinguished by certain peculiarities in the struc- 
ture of the gills, but he nevertheless suggests that the two forms, in 
themselves so distinct, might have descended from a common primitive 
form which peopled the tropical seas — where they are now for the most 
part wanting — and in their migrations into the rivers of the islands and 
continents of the north diverged into the structure of the PatanutlnitUB, 
and in the south into that of the Paragtaeidce, 

Note 116, pa-ge 302. A notice of Tyndall's recent investigations may 
be found in Natiire for 1877. The unprejudiced reader will here find, 
as it seems to me, an irrefutable disproof of ' Abiogenesis,' as it is called, 
and will be greatly interested in following the course of brilliant expe- 
riments, and the crowd of new facts elicited by them. Any further 
details are not here to the purpose, as Tyndall's experiments were made 
on the development of the germs of Fungi. 

Note lllyj)age 312. In the centre of Mindanao, on the upper course 
of the Agusan, among the Manobos living there, I found a fossil 
elephant s tooth, which was worn by the Baganis, or chiefs, of that can- 
nibal race on solemn occasions, such as going out to battle, strung on to 
a necklace with other objects, as small images of gods, crocodiles' teeth, 
&c. When a foe is killed, his breast is opened with the sacred sword, 
and all these objects, sacred to the god of war, are dipped in his blood ; 
and it is not till the god has thus slaked his thirst in the blood of the 
enemy that the Bagani may eat a portion of the heart or lungs. Both 
the specimens of fossil elephant-teeth that I brought thence are now in 
the Ethnological Museum at Dresden. 



CHAPTER XI. 

Note US,2)0ffe 332. Compare Note 18 to Chap. HI. 

Nate 119, pa ffe 335. It was formerly supposed that the slightly spiral 
tubes in the corals, in which the Sipunculidae live, were the shells of a 
mollusc, and that the worms bad first established themselves in them, 
and then the coral had formed upon them. This view was the result of 
a superficial examination ; there can be no doubt that the worm settles 
on the coral, grow;$ with it, and makes its own tube. 
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• Nifte \2fyyi)age 352. The minute Copepod here described as living 
in the stomach of Mullei*ia leeanora is Lecanuritcs intestinalU. 

Note 121, page 354. The following list is extracted from various papers 
in a Grerman periodical, the Zoological Ga/t^deUy edited by Dr. Noll, of 
Frankfurt. I have omitted such examples as have already been men- 
tioned in the text. 



Carnh'ora. 

Polecat and ferret. 
Wild eat and domestic cat. 
African leopard and black panther 
of Java. 

Rumhmnu. 

Yak and common cow (at Halle). 

Bison and black cattle. 

Ovu mnsimon and 0. cyeloceros. 

CemiiB mrffinianv-8 and Cervtts 
mac7'oti8 (in Cincinnati). 

Lina-sheep (in Chili), a cross be- 
tween the sheep and goat — 
somewhat doubtful. 

CervM minor, a cross between the 
Axis and the Hog-deer. 

Pa^hydermata 
(with solid hoofs). 

Eqmvs t^nioptuSy M., and Bqviis 
zebra, Fem. (at Berlin). 

Horse, M., and Burchell's zebra, F. 

Ass, M., and Burchell's zebra, F. 

Sii8 scrofa perHea and Sns scrofa 
sondaica (at Botterdam). 



Rodents. 

Lepm variabilii a.iid Lepvs tiviidus^ 
in a free state. 



Birds. 

Modena pigeon, M.,and turl le-dove, 

Fem. 
Phasianns versicolor and Gold 

pheasant (at Antwerp). 
Gold pheasant and Thaumalia Am- 

lierstice (at Paris). 
An/is siiperciliosa and Aix sponsa. 
Greenfinch and goldfinch. 



Insects. 

Phigalia pilosaria, M., and Xysia 
Jiispidaria, Fem. (as described 
by Midford). See Packard, 
Guide to tJie Study of Insects, 
p. 54. 



CHAPTER XII. 

Note 122, page 361. Similar relations exist between various other 
animals. The singfular Nemertean MalacobdeUa lives almost every- 
where, a solitary parasite in the branchial cavity of a mollusc ; but we 
here have a very plausible explanation which is almost certainly the 
correct one, being confirmed by occasional observations of the co-exist- 
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enoe of two or three specimens in the same mollusc. When the young 
animal, having just found its way into its dwelling, begins to eat, it will 
catch at every organic object that is brought into the branchial cavity 
by the current, and so hinder a later comer f romi establishing itself in 
the same place. But an instance observed by K. Vogt is quite unin- 
telligible without some such hypothesis as I have put forward in the 
text. Among hundreds of specimens of a species of Labrus, of which 
about 43 per cent, were attacked by a parasitic Crustacean, Zepoftphihis 
only two were found which had two parasites, one on each side ; all the 
others had but one, sometimes on the right and sometimes on the left ; 
but the number of those that had settled on the right side was consider- 
ably greater than those on the left, as 27 to 16 per cent. They were 
always attached to the lateral line. What in this case can have hindered 
the establishment of several parasites on the same fish ? As it seems to 
me, the only thing that proves unfavourable to a second parasite ib some 
deterioration in the juices of the fish by the first. 

^ote 123, poffe 372. This assertion that no mollusca but these of the 
genus Onchidium have such dorsal eyes is based on the investigations, at 
once of great extent and of extreme anatomical accuracy, conducted by 
Bergh, of naked marine mollusca, and on my own researches, carried on 
with a view to this particular, into the structure of other land and water 
mollusca. Here and there, certainly, we find eye-like specks of pigment 
on the back or sides of the body, as in SpJuBrodoris punctata andpapU' 
lata among the naked mollusca, and Margarita in the Conchifera, but 
all Bergh 's researches and my own, with all the most modem instru- 
ments, show these to be merely concentrated spots of pigment with no 
connection in any instance with a nerve, and exhibiting no trace of 
the typical elements of a true eye. 

Nifte 124, page 381. A case perfectly analogous to that of the 
Onchidium described in the text occurs among fishes of the family of 
Scopelidae. These are deep-sea forms, to which indeed belong some 
of those described by Giinther as having luminous organs ; at the side 
of the body or on the belly they have a number — varying according 
to the species — of large silvery spots of different sizes, and which had 
already been spoken of as eyes by Leuckart in 1866. Still, until quite 
recently, the accuracy of this view had been doubted in spite of the 
statement of that very skilful naturalist. Quite lately, however, an 
exact description by Dr. Ussow (published in the Bulletin of Moscow) 
of the structure of certain eye-like spots in some bony fishes leaves no 
room for doubt, so far as I see, that Leuckart was perfectly right ; all 
the attributes of true eyes are to be found in the genera ChauUodus, 
Astronesthei, and Stomias. But according to Ussow other species have 
organs in similar positions, which he designates as glands. I must con- 
fess that his representation has not convinced me of the accuracy of 
this interpretation, and I should venture to hazard an opinion on the 

21 
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contrary that these so-called glands are either illuminating organs, like 
those detected by Giinther, or sensitive organs which have not yet been 
developed into eyes. The genera in which he has discovered these sup- 
posed * pigmented glands' are Scopelus, Gonostoma, and MaurolvyM, 
Finally, there are two genera, Siemoptyso and Argyropelecux, in which 
the pigment-cells existing in corresponding spots in the body are said 
to have a character between pigmented glands and true eyes. 

Note 125, page 382. My brother, Georg Semper, has communicated 
to me the following case, lately observed by him, of the adaptation of 
an old species to the colour of new surroundings — or rather of its avail- 
ing itself of it for protection. During the last ten years the well-known 
white-leaved variety of Acer negundo has been largely planted in 
gardens in Hamburg, and since this the common white cabbage butterfly 
has accustomed itself to settle by preference on this shrub. It is then 
extremely difficult, as my brother informs me, to distinguish the butter- 
flies as they sit on the leaves, their yellowish colour being lost in that 
of the leaves. Here it is quite clear that the colour of the Pieris cannot 
have been produced by selection, since it had the same characteristic 
colouring long before the introduction of the white-leaved Maple. But 
if now one or another species or variety could benefit by the similarity 
of colouring which has thus accidentally arisen, in the struggle for 
existence, it would be at an advantage over any other species which was 
by any cause disqualified from availing itself of this protection, and 
thus the protective resemblance might occasion a selection among the 
different forms. In this case, beyond a question, selection had abso- 
lutely nothing to do with the origin of the protective colouring, and I 
am convinced that in many cases, if not in all, the occurrence of pro- 
tective resemblance is not to be explained by selection. 8ome very in- 
teresting cases of protective mimicry are mentioned in Brazil, the 
Amazonsy a/nd the Coasts by Herbert Smith (Sampson Low & Co.), 
chap. vii. 

Note 126, 2)age 387. The pigment-forming matter — chromogene, as 
it is called— is conveyed by the blood to every organ in the body. It 
depends on local conditions whether it is in some places deposited in 
abundance and in others not at all. Consequently the primary distri- 
bution of colour depends on the structure of the organ or of that portion 
of the skin where such a deposit normally takes place. Examples to 
prove this are absolutely innumerable ; they may be found in almost 
every animal. The gay colours of many shells — both bivalve and 
univalve— are in great measure produced by the deposition of pigment in 
the external organic skin, which covers the calcareous portion of the 
shell ; the pigment itself is elaborated by glands which exist exclusively 
in the margin of the mantle. It is according to the regularity of the 
arrangement of these pigment-glands and the interruption in the exercise 
of their functions that certain patterns and colours occur in the shells — 
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spots, stripes, bands, or zig-zag lines, &c. In butterflies the microscopic 
scales on both surfaces of the wings have the pigment deposited in 
them ; in quadrupeds it is in the hair, in birds in the feathers ; here the 
distribution of colours must depend on the aflBnity of these organs for 
the chromogenes, and, consequently, indirectly on those organs which 
grow out of the skin. But the usefulness of certain colouring, which 
does not occur until later, can have no influence on the origination of 
these organs or on the different degrees of affinity of these parts to the 
chromogenes ; hence it follows that it is only by the more or less regu- 
lar arrangement of such organs that animals can acquire a mode of 
colouring which corresponds with similar regular colouring in the sur- 
rounding objects. Hence a striped butterfly can never originate 
directly from an irregularly spotted one by natural selection, since this 
presupposes a previous transformation in the organs containing the 
colours ; but if, through any physiological cause acting in the organism, 
the spotted colouring had already been altered to any considerable 
extent to a striped arrangement, then selection might gradually lead to 
the extermination of the spotted variety by augmenting any protective 
resemblances the striped form might possess. But it would, of course, 
be absurd, in such a case as this, to speak of selection as the primary 
cause of the mode of colouring. 

JVote 127, page 389. Sesia ajnftn'mis, vespiformis, crabronifm'vm, &c. 

Note 128, 2^^9^ ^97. According to Quug a Gaimaro, the species of 
Harpa^ a marine univalve, possess the same peculiarity as Polydontes, 
Stetiopiis, and Helicainoji. Although I have caught a considerable 
number of living specimens, I never discovered this by my own expe- 
rience. At any rate, the mode in which Harpa sheds its foot is quite dif- 
ferent from that of the species of Helicarion. If by some extraordinary 
accident it is unable to withdraw its foot, which is very large, into its 
shell, it presses it against the sharp edge of the shell, and so cuts off the 
hinder portion of it in order to protect itself. 
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ACROXYCTA, effects of food on, G6 
Algse, associated with sponges, 
342, 343 
Ambly stoma, note 47 
Amoeba, 16, 302 
AmpuUaria, 191 
Anabas scandens, 148 
Anodonta, 36 

— distribution of, 298 
Antipathes, associated with an An- 
nelid, 341 

— with a Mollnsc, 337 

Aphis, effects of temperature on, 123 
Apus, 128, 175 

— distribution of, note 23 
Arcella, 206 

Artemia, 157 
Arttangdi atoU of, 234 
Ascaris nigrovenosa, 44 
Ascidians, 3 
Astacidse, 301, note 115 
Atlantis, 295 
Atlantosauridte, note 1 
Axolotl, 88 
— white variety of, 90 



■DABELTHUAP, 234, 244, 269 
^ Bates on mimicry 
Bernard, C, experiments, 150 
Bert, Paid, on respiration in frogs, note 
74 

— on light and pigment, 88 

— on organs of respiration, 169, note G8 
BeudanVs experiments, 153 

— tables, note 60 
Birgos latro, 5, 193 
Bleak, anatomy of, 7 
Botoophthalmas, 189 



BAB 

Bopyrus, 147, 360 

Branchipus, effects of temperature oil| 
120 

— of salt Water, 155 

— distribution of, 304 
Brauer^s experiments, 176, 306 
Braun on the casting of the shell ol 

the river crayfish, 20 
Bftxton's experiments on Parrots, 138 



fyARTlER on the casting of the 

^ skin in reptiles, 20 

Cestodon, 49 

Chameleon, structure of, 4 

Chloraea, 285, 399 

Chlorophyll in plants and in animals^ 

70, 88, note 17 
Chromatophores, 92 
Chrysotis festiva, 67 
Oienkowsky, on yellow cells in Radio- 

laria, 74 
Cladocora, 401 

Cobitis fossilis, 171, notes 104, 106, 107 
Corals and reefs, 224 
Cordylophora, migration from the sea 

of, 149 
Coregonus hiemalls 321 
Cossol bank, see Kossol 
Coypu, 61 

Crocodilus biporcatus, 63 
CryptochiTus, 221, 281 
— a crustacean resembling, IS, note 103 
Cymothoe, 83 



■TiANA on coral reefs, 281, 272 
I -^ Darwin on reef formation, 216, 
I 230, 272 
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DAB 

Darwin on external conditions of life, 37 

Dasj'peltis, 65 

2>ay, Sir F.y on the respiration of 

Labyrinthici, 190 
Desoria glacialis, 117 
Dewar on the optic cu/rent, 97 
Diplozoon, 124 
Dorcasia, 399 
Draco, parachute of, 10 
Dugong, 17 



ECTOPARASITES and Entopara- 
sites, 276, 360 
Elephants' teeth fossil in Mindanao, 

note 117 
Emery on respiration in Amphibia, 

note 76 
Entoconcha, 348 
Erythrinus, respiration of, bv the air* 

bladder, 190 
Etiolation, 88 
Euglena, 75 
Eulima, 861 
EuplecteUa, 137 

Euprepia, change of colour in, 87 
Eurythermal and Stenothermal, 105 
Exocetus, 9 



T^LO R I DE A associated with a sponge, 

Jl' 343 

Forel on the Lvmnajidce of the Lake 

ofGeneva, 63, 197 
Frauenfdd on a triton enclosed in a 

stone, note 9 
Friedrichsen's mnp of the Pelew 

Islands, 245 
Frog, skin of, 92 



GALLS on Corals, 218 
Gecarcinus, 192 
Gecko, 21 

— foot of, 22 

Gentrt/^s observation on the effect of 

food on the Lepidoptera, G6 
Geonemertes palaensis, 187 
Gobius Rathensparri, 93 
Gouriet on the air-bladder, note 76 
Graeffe on Hapalocarcinus, note 102 
Giinther on Labyrinthici, note 88 

— on the tortoises of the Mauritius, 
note 113 

— on deep-sea creatures, 86, note 21 
Gulick on Achatinella, note 111 



LAN 

fjAECKEVS hypothesis, notelU 

•'"'■ Hagen*» obseryations,-83 

Ilfllicore or Dugong, 17 

Halobates, 144 

Hapalocarcinus, 221, 281 

Heincke on the colours of Gobius, 98, 

note 27 
Helicarion, 285 
Helix fruticum, 400 
Heterocyathus associated with Sipun- 

cuius, 835 
Heteropsammia, 335 
HiggirUfottom on the formation of 

pigment, 89 

— on the effects of a rising tempera- 
.ture, 129 

Hincka on the effects of food on 

Polyps, 66 
Holmgren on the effects of food on the 

stomach of the pigeon, 68 
Holothurise, 44 

— parasites on and in, 351 
Horvath on winter sleep, 112 
Hunter's experiments on feeding gulls, 

61,68 
Huxley on the distribution of Asia- 

cidae, note 115 
Hydra viridis, 73 



INFUSORIA, distribution of, 289 
->- — possible decomposition of car- 
bonic acid by, note 81 
Intestinal worms, development of, 276 
Ixodes, note 8 



TACHUS vulgaiis, 59 
^ Jobert on the respiration of fishes. 
note 75 



jrLEINENBERG on Hydra viri- 

QIS, lO 

Kokeal, its structure and distribution, 

260, note 106 
KoUiker'a section of the Germinal 

Layers, 80 
Kossol, 242 
Kramer on sexual characters in male 

insects, 366 
Kriangle, Atoll of, 234, 237, 267 



T ABYRINTHICI, 189 
-^ Lacerta agilis, 59 
Lantern fishes of the deep 
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Lams, gulls, stomach of, 60, 67 

Larva forms, 126 

Lecanurius, 352 

Leposphilus, note 122 

Leuckart on abdominal eyes in fishes, 

note 124 
Let/dig on organs of a sixth sense, 21 

— on chlorophyll in beetles, note 17 
Lieberkuhn on the association of algse 

and sponges, 343 
Limnoria terebrans in wood and stone, 

326 
Lister's experiments on colour, 92 
Lori Rajah, 67 
Lucina philippensis, 170 
Lupea, 196 
Lymnsea stagnalis, 209 

— its mode of ewimming, note 97 

— its growth, 108, 160 



MALACOBDELLA, note 122 
Mulaunavi, reef of, 227 
Mammoth cave of Kentucky, 82 
Marsh, on pneumatic bones in reptiles, 

819 
Mauritius, tortoises of, note 113 
Maximum of temperature, note 42 
Medusae, 166 

Melania, distribution of, 298 
Menetries on changes of structure in 

birds, 68 
Milne Edwards's experiments, 179 
Minimum of temperature, note 4 
Mobius on the deposition of eggs, 1 36 

— on the sinking current, 63 

— on the effects of temperature on 
Mollusca, 136 

Mollnsca, shells of, 327 

— development of, note 101 
Monotremata in New Guinea, 32 
Moreau on oxygen in the air-bladder, 

note 75 
Mozambique current, 202, 279, 302 
MiiUer on the respiration of crabs, 

note 91 
Myopotamus Coypu» 61 
Myxicola, 401 



\TAUPLIUS, 128 

i^ Navicella, 203, 209 

Nematode larvae, 75 

Neritina, 209 

Nestor mirabilis, 62 

Ngaur or Angaur, 261 

^ordmann on the Q^g^ of Tergipes, 136 
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OCYPODA, 196 
Onchidium, 281 

— distribution of, 375 

— dorsal eyes of, 369, 378 

Oysters, their disappearance from the 
Baltic, note 61 

— in fresh water, 148 



PACHYBDELLA, 338 
Pachydrilus, 145 
Pagurus, 331 
Pcdmen on the migrations of birds, 

297 
Paludina, 298 

Paulsen on carnivorous horses, 62 
Pauly on the respiration of Lymnasa, 
198 

— remarks, note 94 
Pelelew, 249 

— fossils in, 262 

— elevation of, 263 
Pelews, north island, 234 

— geological structure, 234, 264 

— Andesite in the Southern reef, 260 
Periophthalmus, 189, 373 

Philippi on carnivorous horses, 62 
Philippines, Mollusca of the, 183, 284, 

288, 395 
Phosphorescent animals in great 

depths, 86 
Phyllopoda, distribution of, 304 
Pigeon, stomach of, 55, note 14 
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